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ABSTRACT

Maxwell, Maftha. An Evaluation Model for State of the Art Programs for
Engineer Practitioners. (NSF Grant # SED -78~22138), University Extension,
University of California at Berkeley, March 1980.

An pilot-model for evaluating state of the art short-courses for
engineer practitioners was developed based on assessments.of 1C Continu-
ing Education in Engineering courses offered by University Extencion
at the University of California, Berkeley. The instruments used included
student questionnaires, faculty interviews, follow-up questionnaires
and interviews with participants, interviews with supervisers and collea-
gues and observations of classes. A sample data base, a taxonomy of
educational outcomes, and suggestions for improving CEE courses are

described.
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The purpose of this projgct was to develop a "pilct-model” for
evaluating the effectivenes;’cf state-of-the-airt short courses in
Continuing Education for Engineers (CEE). Specifically, we attempted to
identify and document evidencg of participants' learning and transfer
of new information, concepts, and technology taught in CEL programs and
identify the variables that appear to enhance or impede application of
the skills and information léarned. Among the variable studies were:

(1) program characteristics (including organization, content, teaching
o

strategies, etc.); (2) demographic and attitudinal participant character-

istics (experience in course .specialty, academic'preparatiOn, expecta-

tions, attitudes toward course, etc.) and (3) work demand and corditions

(data on work context from participants, colleaques and supervi;or.)

State of the art CEE short-courses are operationally defined in this
study as brief, intensive programs that focus on highly specialized topics;
that are usally taught by instructional teams (including both engineering
faculty and representatives from industry,) and that emphasize new
developﬁents in theory, reseasch, and technology. State-of-the art shor-
courses are distinguished from review or refresher courses &esigned to
help enginee;s prepare for Board ekaminationslor those offered to students
seeking collzge degrees. Although there is some content overlap between
state-of-the-art short-courses and other CEE courses, we view state-of-
the-art ccurses as being more clearly focused on a relatively'narrow, but
highly significant topic. They are not seminars among peers as are many
programs offered by professional associat}ons, but are rather coui'ses in

which instructors translate new information in "bit-sized) pieces for engﬁneer

practitioners who are not as sophisticated about the topis as are . .turers.




Because of their nature, st?te of the art courses may have restricted

audiences, small enrollments, and or may attract engineers from distant

geographical areas. S~
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The project produced a pilot-model for evaluating the effectiveness
of CEE stéte-of—the-art short-cour#eq and Qet of sugges%ions for program
directors and instructors to use as a guide for planning and improving
CEE courses.

PROCEDURES ‘

To implement the project geal, an intensive review of the literature
and a study of CEE short-courses and their participants were completed.
Twelve sections of ten different short courses offered by tﬁe University
of Califor;ia, Berkeley Extension Department and the College of Engineerirg

in 1978 and 1979 were evaluated using the following procedures:
1) facultf members were interviewed pricr the beginning of the course
or contacted by mail; 2) a student e;aluatiOn questionnaire was
tailored the the special needs of the course and approved by the faculty
member ir. charée: 3) student evaluation questionnaires were administered
to students during the last day of the course and/or sent to them after
the course ended; 4) cobservations of the class sessions were made by
the evaluation team; and 5) case studies based on follow-up interviews
with participants who voluntéered, and, in some cases, their colleagues
and administrators were produced. j

The ten short courses Ehosen for the study are typical of the wide
range of courses offered by the Unive;sity of California, Berkely Exten-

sion's Engineering Department during the period covered by the grant.

These courses differed in many ways--in length (from one tc five days),
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TABLE 1
COURSE CHARAC‘I‘ERISTI(\

No. of

o Teaching -\ _ |

Course Title & bescription Prerequisites Methods Length Speakers Materials
3
Interfacing to a Microcomputer: Background in Lectures plus 5 days 2 and ‘ yes
Overview to input/output inter- engineering or workshop-daily . 2 labh assts. manuals
facing techniques & hardwatre/ science. Some lab, Practice on ' '
software tradeoffs in using - knowledge of 6 experiments.
microcomputers, programming o
Computer Aids for IC Tech- None Staced Lectures, a/v aids 1 day 13 " Yes=- background .
nology and Device Design: including videotape. material, (Lecture
Current problems in IC pro- o : .notes as adver-
cessing, update on Stanford tised were not
research,. & advances in pro- available.)
cess modeling,
Exponential émoothing and Some familiar- Lectures, question 1 day 1 : Yes
Adaptive Forecasting Tech- ity with basic & answer session - .
niques: Designing & applying statistical con- \,\.
simple & useful forecasting cepts *
procedures for engrs. & busi- '
nessmen,
. ‘ LW

Value Engineered Design & None stated Leccures, films, 5 days 2 Yes~-books &
Construction:-- How to accomp- t:am workshops o materials sent
lish design & construction discussing real- in advance of
saving usi the value engi- life projects. course,
neering management system.
Composite Materials Computation Operational know- Lectures, drills, € days 4 Yes-students
Workshop: A Practical Guide to ledge of TI-569 2 informal 2-hr. given methods
Design and Testing: The most - workshop sessions charts, & pre-

current guide to solving prob-
lems in composites design & test-
ing.for users & producers.

iv

each evening.

programmed equa-
tions for calcu-
- lators & handbooks.

13
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TABLE 1
COURSE CHARACTERISTICS
(Continued)
Teaching No. of
Course Title & Descrirtion Prexequisites Methodc Length Speakéers Matecrials
Fundamentals of High-Resolu- None stated Lectures, ques- 1 day 4 Yes, (Notes
tion Lithography: A ~oncep-~ tion & answer. ) ' & some view-
tual frundation for 3 types Panal at end, graphs.
of Lithography-Deep UV, E-Beam, a/v aids.

« & ry-ray, resist materials,
compatible processes, & process . -
modeling tools, & a user- - )
oriented simulator for-project d
or printing.

Electron-Beam Lithography:

None stated ~ Lectures, ques- 1 day 4 Yes
Advantages & disadvantages of tion & answer.
electron-beam tabrication for Panel at end,
e high performance integrated a/v aids.
electropic circuits.
, Airport Systems Planning & Ncne stated Lectures, a/v 4 days 14 Yes
. Design; Air travel demand .aids, discussion
forcasting, site selection- session. +
capacity; airfield design
passenger processing, finan-
cilal planning, & current
legislation.,
Engineering Design in Tinber: General knowledge of Lectures, a/v 34 days 4 Handouts
The technolegy of designing struc- structural theory aids. '
tures in timber. . & design.
Earthquake Analysis of Multi- - Some experience with Lectures, ques- Yes, input
story Fram & Shearwall iuild- computer applications tion & answer session 2 days 6 manuals, ex-
ingys: Describes 4 computer codes for structural design ) planations or
for e%rthquake analyses & their & fundamental building each code & *
practical applications. analysis. examples.

12 , 13




in subject area (from high resolution lithography to airport systems in
instructional format (lectures to intensive workshops), and in size

(from 12 to more than 300 students). (See Table 1 Course Characteristics.)

DESIGN
Fig. f‘ outline§ the general evaluation plan and lists the major
cow'se aspects addressed in the left column: program objectives,

instructional methodology, program context, student outcomes, overall

effectiveness, side effects and cost factors. The instruments are given
at the top of the chart with an X indicating which methods were used
to measure each concern. The instruments included:

l. Systematic expert judgment-decisions made by the faculty sponsor;

the CEE coordinator and the instructors in designing and planning the
&

program.

2. Student evajuation questionnaire-administered to all participants

at the end of each program.

3. Instructor evaluation interviews-conducted with instructors prior

to and, in some cases, after the course. : '

4. Observations of course-the investigators observea some of the sessions
of each program when possible.

5. Follow-up Survey Questionnaires-mailed to students after the course

was completed.

6. Interview with Students-volunteers were contacted by phone and inter-

views arranged after the course ended.

7. Interviews with Adminisﬁrators-arranged by phone with participant

consent.

*This plan is a modified version of evaluation methods described by
Scriven (1974) and Anderson and Ball (1978).

Q '151




FIGURE 1

DESIGN OF STUDY
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Figure 1 Continued
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OUESTIONNAIRES

Each class was surveyed either at the conclusion of the session
or after the course had ended through follow-up questionnaires.
Whethef end-of-course or follow-up surveys were used was determined by
the instructor for in one-day courses there was rafely enowgh time to
administer questionnaires

The student evaluation questionnaires were designed to measure the
following varianles: 1) demographic characteristics of the student/
participants, 2) satisfaction with attitudes toward various aspects of
the course (e.q. comparision with other CEE courses, whether the course
fulfilled expectations, etc.,) 3) suggestions for improving the course,
4) relevance of course materials and content to engipeers' ﬁeeds, and
5) impact of the course and how information and methods learned in the
course were or could be used on the job. (NOTE; questions may be
found in Appeqdix A) Complete questionnaires are in Appendix C.

Questions were tailored to the individual course and, therefore,
varied somewhat from course to course. Each course questionnaire
was reviewed by the faculty coordinator and revised as necessary before
administering it to the participants.

Questionnaires were given at the end of the course to six classes
and student in four classes were sent follow-up questionnaires at periods
ranging from two weeks to one year after th» course was completed.

(see Table 2 for the evaluation procedures used in different classes.)

Responses to the questionnaires were coded, punched on IBM cards,
and analyz=d on the IBM 6400 Computer using the Stat.i. :ical Package for

the Social Sciences (SPSS) developed at the Vogelback Computing Center at




TABLE 2

EVALUATION PROCEDURES .
NUMBER INSTRUCTOR SURVEY OF STUDENTS OBSERVATION OF STUDENTS
COURSE ENROLLED INTERVIEWED END OF CLASS FOLLOW-UP OF CLASS INTERVIEWED
. (") (#) _(#)
Interfacing to a T 1
Microcemputer 12 yes yes (12) no yes yes (4)
Computer Aids for 2 D §
IC Technology . . . . . 305 ., , | yes no yes (52) yes vyes (5)
Forecasting Tech-
niques ‘ 36 yes no -~ yes (19) yes yes (2)
! Value Engineering
: (1978 Class) 11 yes no yes (8) no yes (3)
E (1979 Class) 17 yes yes (17) no yes yes (4)
Composite Materials
Computation Workshop 65 no no yes (35) no yes (7)
Fundamentals of High
Rescvlution Litho-
graphy 132 Yy vyes (90) no yes yes (20) O
_ ' ' 1
E-Beam Lithography 108 R "o yes (54) no yes (7)
Airpor* Systems :
(1378 Class) 48 N Lo yes (27) no no
(1979 (lass) 46 A v, 142) no : yes yes (9)
Engr., Des i in Timier 28 Lo st <B) no yes yes (9)
' 1
Earthquake 2 .. lysis 50 ’ veo - 49) no yes yes (11)
Number of stuients replying to survey quest. - - e ‘ ’
Number of follclw-up interviews with studex: . ' X
1. Administratocs/<olleaques interviewed (tote:
2. Questionnaires ... e sedt to a random sample oy suc students; 52 replied v
o 17 1y




Northwestern University.
Participants volunteered to be interviewed for the project by inclu-
ding their rames and phone numbers un the end of the questionnare.

(See Appendix A for the statment describing the project and the interview

invitation,)




INTERVIEWS 1

"
Participants who were willing to be interviewed or wanted more
information about' the study were called by a project tgam member; and )
interviews were arranged. ln'most cascs, particiéantS requested phone |
interviews.
Y
The g tions asked by the.interviewer were designed to encourage
students to elabdrate on and clarify their questionnaire responses, to
describe whether and how they had applied course information to their “
work, and to describe the context of their work environment and its
~impact on transfer. (The Interview Protocol is included in Appendix A.)
Interviewers also asked participants for permiésiOn ‘to interview their

supervisers and colleagues.

Faculty Interviews In most courses it was possible for a member of the

project to interview the faculty members before the course began. 1In

other instances, the faculty member was contacted during or after the N\~\\\\ _
'~ cm———’

course, and queried about the course goals, the instructor's expectations,

etc. (The faculty interview protocol is included in Appendix A.)

Interviews with Supervisers and Colleagues. If the participant agreed,

the project team member contacted the superviser and/or colleagues mentioned

by the interviewee. The protocol for these interviews is found in Appendix

A.

Analysis of Interview Data. Interview responseslof participants, colleagues,

and supervisers were recorded, summarized for the individual course eval-

uation reports (See Appendix (), coded for the computer analysis, and used

to write brief case studies.
Faculty interview data were.recorded and summarized in the individual

course evaluations and used in inte{preting the results of this project.
v - \

ERIC o o i




Class Observations

A project team member attended the CEE clgsses, recorded impressions,
and talked with students when this was feasibleq(See Table2 ). These
observations were incorporated in the individual course evaluations found
in Appendix C and aided vs to refining the questionnaire<s and irterview
protocols and in interpreting results.

RESULTS

Of the 653 students from 12 classes who received course evaluation
questionnaires, 423 replied. ‘As might be expected, the:respOnse rate was
higher when questionnaires weré given out during the class (80%) than when
they were sent by mail (52%). We tried to increase the return rate of

mailed questionnaires by following the suggestions of Ohrlich in Designing

Sensible Surveys, 1978 (p.94)-that is, a follow-up postcard was sent

within oné week; a second copy of the survey and cover letter was sent
within two weeks; and a third instrument was sent within one month. However,
when this intensive follow-up was used on two classges (E-Beam Lithography
and Workshop on Composite Materials), the response rate did not signifi-
cently excede that of courses where participants were not contacted
repeatedly, and the small number of additional responses obtained did not
seem to warrant the high mailing costs. Therefore, we decided t» send only
one follow-up - a cover lettef and second copy of the questionnaire.
Although the response rate was higher for questionnaires-given out
in class, these participants tended to reply'to the questions more
superficially and leave more items blank than did students who returned
follow-up questionnaires by mail. 119 respondents indicated they were

willing to be interviewed and 8l were interviewed by a member of the project

D5 | y
Vly -
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team. A number of factors mifigated against interviewirg all of those.
who were willing to participate - sometimes it was not possible to
contact the students. Sometimes they ' changed their minds about being
interviewed. Others were too busy - or had chéﬁged fields, and in some
oo cases, we felt that we had.interViewed enough students from a course
to sample the range of opinions in the class.
From computer analysis of questionnaire cata we prepared evalua-
tion reports on each course. (See Appendix C). We compared courses,
and developed a model data base useful for assessing new courses and making
other kinds of administrative and instructional decisions (See Appendix B.)
In addition, we analyzed the profiles of students with different

characteristics. ’

e
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Developing a Data Base. A Sample data base was compiled bx:summinq the
raesponses of participants to the written survey and interview questions
and computing percentages. (See Appendix A.) Such a data base could be
of great value in aiding administrators in making decisions and in help-
ing new instructors form realistic expectations about CEE courses, if |
kept systematicaily over a lunger time-span. A systematic data base
provides a standard for identiéying succes-.ul courses and analyzing their
characteristics, and for asséss{gg the effectiveness of new courses and
the improvements made in old ohes. Courses that are not working well _can
be identified and the reasons explored. Also, thesz data reveal differ-
ences in the effectiVenesQ of different courses or repeated offerings

of the same course. |

New instructors might find data base information valuable in planning

" courses for example the fact that one-third of the engineers.in CEE classes
| . .

have taken no previous CEE courses, or that on the average about a quarter

of the students have had no experience in the specialty addressed by the

‘course or that only 608 find ideas that they can use immediately and .

the majority are mainly interested in one third of the material presented.
It might also be helpful to know that about 6 percent of the students
rate the course ‘worse than other CﬁE courses they have taken.

Ideally, a cumulative data base would be developed fof each course
because the participants in different CEE courses vary greatly in their
characteristics and responses. To illustrate how this might work; consider
the finding shoyn in Taole 3 which shows how participants in differeﬁt

courses respondeg to the question, "How did this course compa®® with other

CEE courses you have taken?"
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Table 3

Students' Ratings by Course

COURSE~ 1 2 3 4 5 6 7 8 9 - 10 TOTAL _

Percent of students

rating it in compari-

son with other CEE o
courses taken

Best I have taken 8% NA 0 128 14% 5% 4% 5% 188 4% 6 j
Retter than others 50 NA 18 44 30 24 30- 40 4 25 10
About the same . . . : :

as others 0 NA 17 26 30 12 - 31 24 135 38 25
Worse than others 0 NA 18 4 0 2 9 8 25. 13 6

: _ — : :
Have taken no others 42 NA 47 12 26 57 26/ 23 18 20 33
§ " | | )

Code for course:

1= Interfacing to a Microcomputer

2= Computer Aids for IC Tech.

3= Forecasting Techniques

4= Value Engineering

5= Composite Materials

6= Fundamentals of High Resolution Lithn.
- 7= E-Beam Litho. .

8= Airport Systems & Design ' o ' :

9= Timber Design ) : R
10= Earthquake Analysis .

[y

More participants gave higher ratings to the courses in microcomputing,
composite mate;ials, value engineering, and a;rport systems, than to other courses.
Each of the preferred courses lasted a week and with the exception of tﬁe air-
port course, involved haﬁds—on lab: work or participation on .teams to solve
real-life problém: Also, these courses were smallcé in 3izg,(less than S0

students) than some of the others. Students in Timber Design and Forecasting
N\ ‘ . .

Gl
oy
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Techniques rated these courses lower than did participants in other courses,
sigraling that there were problems. The Forecasting course was a one~day
course attended ky a very wide range of students -- i.e., from beginners
to‘sophisticated computer science graduate students -- and the professor had
a most difficult time teaching to such a diverse group. (See report in

| Appendi x C.f In this cace, rai§;pg the stated prerequistes from "a general
understahding of basic statistics" to something higher and altering the
instructional strategies used would improve the course for both the brofessor
and the students.

The Timber Course, which was offered fo§):he first time, attracted

students Who had taken previous CEE courses t were new to this .specialty,

[

(40%) and engineers complained that tﬁe course was' too theoretical. Handouts
but not course notes were given out and a number of students‘zbjected to not
recelving notes.

Differences between courses in thé percentage of students who hav: not
takén previous CEE courses are also apparent in Table 3. Interfacing to a
Microcomputer, Forecaggifng Techniques, apq_Fundamentals of High Resolution
LithoqraPhy‘attracted higher percentages of students new to CEE, than d}d the
other courses. Perlaps this regultéd from the newness of the subject matter
covergd and in the case of High Resolution Lithography the csursé title

(%
"Fundamehtals" attracted a number of students who wanted a beginning course.

/
(See discussion in App. C.) N
\-}
Table 4 illustrates another way to use questionnaire data from individual

courses to show the relationship between variables.

24
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TABLE 4

1A
Relation Between the % of Engineers with
Minimal Cxperience in the Specialty and
Complaints about Insctructors' Emphasis on Applications

Course 1

[N
w
=S
w
[+)}
~J
w
O

10

Vv of participants 5S0s NA 10% 12% 42% 27%  29% 29% 40% 26%
with less than 1

yr's. experience

in specialty

A\ of participants NA NA 57 14 61 NA 27 29 53 30
stating that

instructors

placed too little

emphasis on appli-

cations

‘Code for courses:

—

Interfacing to a Microcomputer
Compiter Aids for IC Tech

Forecasting Techniques

Value Engineering

Composite Material

Fundamentals of High Resolution Litho
ErBeam Litho.

Airport Systems

Timber Design

Earthquake Analysis
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| The percentages in Table 4 suggest a relationship between the number of in-
experienced participants enrolled in a class and complaints that the instructors
did -not plact enough emphasis on applications. In both the Composites Materials
and Timber courses there were a high percentage of newcomers to Fhe specialty,
and over half the class felt there was too little emphasis ‘on applications.
(See Appendix A and the Discussion Section) In the Forecasting course, although
most of the students had practical experience in the field, only a few had formal
courses and it was "o these advanced students that the professor directed his

presentation. As a result both advanced and beginning students were turned off.
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(See Appendix C.) In the Microcomputer course most of the students, des-
pite having little experience with this particular devicé, did have ex-
perience with computer proqraﬁming in general. Altho&gh the question
about instructors' emphasis on applications was not asked and most stu-
dents were favorable toward the course, a number complained tﬁat there
was too much emphasis on hardware.

Evaluating CEE courses as different in content amd emphasis as these
courses were which attract such diverse student is difficult indeed. The
many variable involved (student characteristics, type of course, length
and si?e of class, instructors' style and level, etc.) all interact.
However, a data’ba§e can provide the program planner with a barometer to
measure the relative/success of different classes. Both the strongest and
weakest courses can be identified and their characteristics analyzed and
studied, so that models of succ:3sful courses can be developed and ame-
liorative steps can be taken to strengthen weak programs.

Student Profiles. In addition to showing us overall characteristic s of

CEE students and comparing courses, the SPSS data analysis program enabled
us to develop profiles of students. These profiles yield a partial answer
to questions about the characteristics of CEE sindents., For example, we
were interested in the fact that a number of engineers with little or no
experience in the topic enrolled in very specialized CEE courses and
wondered why? Were they merely curicus? Were they contemplating changing
careers? Were they new graduates just embarking on an.engineering career?

To find out, we analyzed profiles of the responses of students with varying

levels of experience in the course topics.
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EXPERIENCE VS ATTITUDE TOWARD COURSE (PROFILE)

One suprising fact that emerged from the data analysis was that 72
percent of the participants who had little or no experience in the course
specialty had completed their degrees more than 14 years ago. 92% of those

new to the field bad held engineering degrees for more than 4 years. This
suggests éhat some had made mid-career changes or were contemplating doing

so or had some other reason to be interested in the course. For example,

one was a company president'who was trying to keep abeast of new develop-
ments in one of his departmeg£s, another a structural engineer curious
about whether computer programs in earthquake analysis might have implications
for his work in designing stacks to wf’hstand wind factors,

Another,a;s a consultant, trained in a different specialty, but convinced
that he could save moﬂey by taking the course himself rather than hiring

a consultant and improve his advice to his clients.

Theidata analysis revealed some significant differences between
participants with little experience in the course contenf and. those with
more experience. The inexperienced group were more likely to hold Ph.D.
degrees, spend less than 30% of their time on administrative duties and more
than 70% of their working time in technical tasks, primarily in research
and development units. The average inexperienced participan§ rated the
course as meeting his goals in updating information, learning fundamentals,
acquiring a perspective for decision-making as "somewhat successful,".'
but felt it improved his general background "very well”. 84% had no
previous courses in the field compared with 46 of the more experienced
engineers. Furthermore, the inexperienced. group showed less interest

in taking other CEE courses, and were not planning to do research on their

own.
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They complained more frequently about course materials as well as most
other aspect§ of the course. They felt instructors did not place enough
emphasis on application , nor ﬁnderstand engineers needs. 75% of the
group with little experience felt unprepared for the course compared with

33s of the more experienced engineers. A larger percentage of the in-

experienced group (60%) said they found nothing in the course that thef could

use immediately compared with 408 of the experienced group. Inexperienced
participants were more likely to feel they might be able to use the course
information in the future.

In summary, the inexperienced group tended to be highly educated
but unprepared for this course, complained about the instructor's.not
emphasizing applicaticns, the materials, and other aspects of the course,
and found little they could use immediately. They were aisq less l.kely
to volunteer for interviews than the more experienced group.

Anoth=r question we examined was expectations for the course since

this question is ofte. used to assess attitudes toward a course.
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COURSE EXPECTATIONS

The profiles of engineers who said that the course did not meet
their.expectations differed from those whose expectations were met. The
former group were:

--more likely to hold a Bachelor's degree than a Ph.D., to wo;k primarily
o; technical tasks, and to have had more than 10 year's éxperience in the
field.
--more likely to have enrolled'in the Forecasting Airport Systems and
I.C. Technology courses than the other courses.
--more likely to h#ve taken previous CEE courses and more likely to rate
this course as "worse," "better," or "best" in c;mparigon with other
courses they had taken. (Feweg ranked ii as "the same" as other courses.)
--less likely to find topics that they could use immediately or in the
future andrwere general less satisfied that the course met their gdhls of
updating, learning fundamentals, and solving problems.
--gave more suggestions for improving the course especially about instruc-
tors and content and expressed more negative evaluations ¢f instructors.
They tended to criticize instructors for not placing enough' emphasis on
applications’ (74%), not focusing on engineers' interests, not placing
enough or placing too much emphasis on fundamentals.
--they were more likely to discuss the course with their colleagues but
less likely to.recommend this course to their peers.
--they agreed that the course had helped them professionally in about the
same proportions as those whose expectations were met.

In summary, the data base can be used to determine characteristics of
engineers who enroll in CEE courses, to determined differences between

classes, and to make profiles of satisfied and dissatisfied students.

-
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Characteristics of Students Who Were Interviewed

Twenty-two percent of the students who completed written gquestjon-
naires were willing to be intérviewéd for the study and 68 percent
(Bl'engineérs) were interviewed.

We compared the questionnaire responses of engineers who voluntgered
to be interviewed with those who did not to see whether .the two groups
differed. We found that those who were willing to be interviewed were

.

more involved ang, concerned about the course and had stronger opinions dg)
(both positive and negative) than those who did not volunteer. That is,
they more oftenvrated the course as meeting their goals “very'yell" or
"not at all"” and less frequenﬁly checked "somewhat." Compared to the
group that was not willing to be interviewed, more held Bachelors or
Masters degrees and feQer had P h.D.s. Fewer had ;aken previous CEE
courses and they made more suggestions about improving course materials.
They also were more likely to have expected somethin; different than the
course offered. However, some were dissatisfied with the results of the

+ course and others were pleasantly surprised. They also expressed a
greater interest in taking future CEE courses than those who were not inter-

viewed.

Interviews with Administrators.

Five administrators who supervised course participants were interviewed
about the effects of tra course on the engineer's work. In general, these
supervisors had positive things to say about the U.C.B. CEE courses, but
little specific in.ormation ahout how the information learned had been
applied. Their comments were included in some of the short case studies

incorporated in the reports in Appendix C and in the Discussion Section.
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2. Student Satisfaction.

Generally, participants wer;‘satisf%ed with the CEE cour;es they
'ook. Seventy-five percent took ﬁhe cources to update their knowledge
of the specialty; and 55 percent of these were well satisfied. More
than hﬁlf of those who had taken pre;ious CEE courses rated their pre-
sent course as better than other courses they had taken.

In general, engineers/iated the intens}Ve ohe-week hands-on lab.

-

or problem solving courses higher than the large one-day lecture/demon-
stration courses.

Those whose goals were learning fundamentals, acquiring a perspec-
tive for decision-making, solving special problems, etc. were somewhat
less satisfied with the courses than those specifically interested in

updating information, but even so, the average participant was satisfied.

3. Interest in Taking Further CEE Courses.

One consistent finding across courses was ti.at participants were

interested in taking further courses in the subject. Completinq.a CEE
course seems to arouse an interest inllearning more about a topic and
pursuing it more deeply. Consistent with the finding of other studies
in continuing education, the practicing engineer who takes a CEE course

develops a greater awareness of the subject and a desire to learn more.

However, his/her opticns for further CEE courses are limited at U.C. Berkeley.
There is a great need for more intensive courses in all specialties

offered-a need that is not being met by present courses. Taking a CEE

course seems to whet the student's appetite “»>r more learning, but at

present, there are few relevant courses offered. Many of the participants

in current courses would be willing to spend an extra day if they could get

Q ;3(2




SUMMARY OF FINDINGS

The constraints and limitations of the design and sample used iﬁ
this study suggest caution be used in generalizing the following findings:

l. Student Diversity

Engineers and others who enroll in the University of ‘California,
Berke;ey CEE short-courses vary widely in educational background, exper-~
ience, heed, expeétations, and their reasons for taking the course. They
range from the merely curious to the college professori from those who
are just enteriné the specialty to researchers whoséuéxperiments are
contributing to new knowledge. Three-fourths of the participants, in
the typlcal course, have not taken a previous course in the specialty,
although about two-thirds have taken other CEE short-courses. About a
quarter of the participants in the averége class are new to the field,
but almost half of the participants in some classes have little or no
experience in the specialty addressed by the course. Participants show
a wide range of interests. Usually they are mainly concerned with a

third of the topics covered in the course. Student diversity poses a

major dilemna for the faculty members who plan and teach CEE short-courses.

On the other hand, short-course participants share some things in
common. They are generally well-educated, motivated to learn, and inter-
ested in the course. In almost all cases their companles pay their

course fees and exrenses and the majority of students are self-selected.
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an intensive workshop or a lab. that would help them learn how to apply
the computer programs describéd or whatever the course covered. The
desire for additional courses was equally strong among engineers taking
onefweek short-courses as those attending one-~day programs.

IMPACT OF THE COURSE

The effects of the course on students were as varied as the students
themselves. Ahout 60% found something they could use immediately and
55% found something they felt would be of future value (as if they warse

tucking ideas away in their intellectﬁai hope cﬁests). .

A The follow-up revealed that some had applied the ideas and t?chniques
learned in the course directly to their work while others had not thought
about it gince the course ended. Whether an engineer used course informa-
tion depended on his work environment, specifically whether he had the power
to change things or try new ideas and approaches an? whether he was pre-
sently involved in projectis that were relevant to the course content.

Also application seemed to deperd on the nature of the course. For example,
the value Engineering course participants in most cases fel: the informa-
tion they learned was very useful i.. their own day-to-- ay work regardless
o whether the company accepted the VE Dackage and regardless of what their
work colleagues were doiry.

Whether a course was considered practical also was contingent on the
work setting, For example, one sngineer considered a topic so futuristic
as to be classed as science fiction relative to his company wl:iile another
member of the same class went back to his lab., bvilt an instrument,

replicated one of the esperiments described in the course, and proceded to

determine whether it would improve his company's p-oduct.




The time between taking the course and being interviewed made a

difference. Figures, facts, and faces fade fas; but feelings about' the
course linger on; Most rémemberéd the course as a good experience; though

a few felt frustrated. Some who rated the course "about the same as others
I have taken"” at the end seemed to mellow when'they discussed it a few weeks
later. Their first reaction to the course, they said, was based on the
iast speaker who did not tell them anything new. Several weeks later,

they were more positive about it since they could see it in perspective.
This suggests that end-of-class questionnaires may not have the reliability
expected and other strategies should be used s well.

Recollection of the topics presented in the course after several months
depended on whether the par:icipant had taken subsequent CEE courses. If
they had, they were likely to recall less about the particular course we
were interested in and confuse thc courses.

INTERESTS IN OTHER COURSES

Forty-five percent of the participants listed other courses that they
would be interested in taking while 72% checked that they plarned to take
further courses. An even higher percentage (77%) indicated that they
Planned to do further research on course topics on their own time.

The average participant (61%) found something in the course that could
be used immediately while more than half (55%) said they felt they learned
information that they oould use in the future.

Ripple Effect Almost all of the participants said they planned to

talk about the course with their colleagues (97%) and with their super-
visors (968). We did not ask how many planned to discuss course informa-

tion with their subordinates, but perhaps we should have.
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The follow-up interviews revealed that participants did spread the
information .earned in the course to others in their companies in a
variety of ways - the most frequent was through memos, meeting, passing
course materials around, holding brainstorming sessions, etc. It is

clear that ideas and technology learned in the CEE courses are transmitted
by participants to\others in their companies. The number of non-students
reached depends on how many interested specialists are in the partici-
pant's department.

Typically, participants irdicated that they expected to use the
course mate;ials reqgularly (54%), though 37% said "maybe" and 10% doubted
it. Responses to this question, as is true of other questions, varied
considerably from courses to course.

On the whole, participants felt strongly that taking the CEE course
would help them professionally (79%), however they were not as sure about
the value of their taking the course to their companies. Sixty-four
percent felt it "maybe" of value to their company, with only 29% respond-
ing with a definite yes. Again those engineers enrollediin courses like
Value Engineering were more pesitive. For example, some reported that
if they became rertified as V.E.'s their company could qualify for govern-
ment grants.

__a__r\u_caﬂ_cmm__oo?s taki \ Jirprove an engineer's chances for promotion?

We asked five classes "How does your company recognize attendance
at courses like this one?" Very few (between zero and 8%) of the partici-
pants checked the alternative "Course attendance increases the possibility
of promotion/raises," It appears that either few engineers view atten-
dance at CEE courses as a way of moving up in their companies or they
are modest about their intentions in taking the course. 1In a iarge

follow-back study of CEE students, Morris (1978) concluded that engineers

3
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who enrolled requlary in CEE courées increased their earnings over
those who did not. We did not address this question directly‘as uft
design did not include a control group. One factor that could in
ence earnings is that CEE participants are usually self-selected, and

it may be that better qualified people seek out courses and promotion

follows.
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SOURCES OF DISCONTENT

Y
Course Title and Descriptions

More dollars, time, effort, and creativity seem to be invested in
the artwork and layout of the course brochure than are spent in devising
‘the course title and writing the course description. CEE course titles,
like their academic counterparts, once approved, seem to be engraved in
stone, They are rarely changed despite changes ig instructors, content,
and emphasis. Engineers tend to interpret these literally. First-timers
in CEE courses complained that in some cases the course titles and des-
criptions were misleading. For example, students who took Fundamentals
of Hich Resolution Lithography for an overview of current develépments in
the field tended to be well satisfied while those who enrolled to get the
the basic fundamentals of a field new to them were less satisfied with
the course. Of course, the term "Fundamentals" is relative--what is con-

sidered fundamental to a Berkeley engineering professor miyht be viewed
as very advanced to a practiciné engineer.

In courses with double titlea such ag Computer Aids for IC Technology
and Device Design or Airport Planninqland Design, engineers expected
equal time and emphasis would be pl;ced on both topicS. In these instances,
the device designers and the airport desianers felt their areas had been
slighted in the instructors presentations. It may be necessary for
Extension programs to be broad in scope and cover more than one specialty
in order to insure that courses fill or it may be that the faculty members
feel that closely related specialties should be covered in one course,
but, if this is true, participants did not seem to understand the reasons.

Course descriptions also came under fire by some participants.

v

One intensive five-day workshop advertised as "explicity application oriented"”

drew complaints from 56% of the class

-89




that the instructors did not place enough emphasis on applications.
Clearly here there was a difference between the inst:uctors' percep-
tions of "application” -and the students' perceptions. 1In other courses,
students complained that discussion groups described in the course
announcement were not held or that thé actual course differed in signifi-
cant ways from the brochure statements. Very few of the CZE courses we
evaluated listed prerequistes or described the level of the course pre-
sentations, and in some cases, the instructors overestimated the sophis-
ticatioq and knowledge of their classes. Although CEE courses can't

deny access tc students, a clear description of the background knowledge
expectea by the instructor whould help the students put the course in
proper perspective.  These examples suggest that coﬁfse titles and des-
cripti&hs should be mnre closely monitored by CEE director who could pro-
vide faculty with information on how to avoid these difficulties, and
write more accurate titles and deScriptions.

COURSE MATERIALS

Engineers who take CEE courses expect to receive clear, complete

lecture outlines and other relevant materials. Indeed a pumber of partici-

pants enroll in CEE coﬁrses primarily for the materials. Complaints about
inadequate or roorly prepa:ed materials arJ the most ﬁrequeni criticism
raised by students. Ph.D. engineers, particularly those who are new to
the specialty, are most likely to complain about the course materials,
especially if they do not received good lecture ouélines. They find it
impossible to take adequate notes in the information-intensive, fast-
paced lectures. Most of the participants pass course notes and other
materials on tp their ccmpany supervisers and colleagues 'r use them to -
prepare memos and presentations to their staff; Others who are currently

Y

involved in other specialties complain that when they need to review
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the course information at some later date, the materials are ton scanty

télhelp them recall the course. Still others need more detail to help

[
them on immediate projects. If students are to effectively apply new

ideas and technology to their work, they need to receive outlines and

gcod referunce materéals in_the course. Retention of the mass of data
presented in the typical short-gourse is impossible without notes and
other materials.

Similarly, copies of the viewgraphs used in lectures are necessary.
Participants roar if they don't receive copies of all the viewgraphs,
gut also complain if the viewgraph reproductions are inadequately labeled
or out of sequence. Poor lecture notes and cdurse materials (or the
lack of them) seem to exacerbate students' feelings of discontent with
the course and inhibit learning.

Many engineers would find it very helpful if course materials were
sent in advance. They say that getting materials ahead of time would
enable them to be Setter prepared and ask more relevant questions.

gending out materials_ in-advance can be time-cbnsuminq and expen-
sive, but we found that Qhen'instructors did this, participants were
better satisfied with the course. At a minimum, instructors could

include a few references in the course announcement for those engineers

who are motivated to review and prepare themselves for the course.
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DISCUSSION

Evaluation Realities and Difficulties Berkeley Extension routinely

encourages CEE instructors to give student evaluation forms to each class,
but like other extension departments, it lacks the resources and dollars to
perform long-term follow=-up studies that might yield.information about the
pay-off of its courses to companies and individuals. Since extension courses
are expectgd to pay for themselves, there ére limited resources for assess-
ing and describing the characteristics of the students who attend and for
assessing the needs and expectations of industries and agencies who send
engineers to the programs, or for determing the formal and informal effects
of the programs. Books on e@pcationa; evaluation range from textbooks to
encyclopedias to do-it-yourself kits. Works by Anderson and Others, 1975;
Ball and Anderson, 1979; Bloomvand Others, 1971; Center, 1979; Dress2l, 1976;
Morris, 1978; Popham, 1973; 1974, 1975; Scriven, 1974, 1967, 1973; Streuning
and Guttentag, 1975; and Webb and Sechrest, 1966 illustrate a few of“;he
more influential approaches té educational evaluation. |
Extension programs Are not exempt from the pressure to evaluate and
currently books are appearing on how: to assess the impact of continuing.
education courses (Preston and Others, 1979; Knox, 1979-c & d.) Undoubtedly
as budgets tighten and the economy worsens, there will be increasing pres-
sure to demonstrate the value of programs. . . and less money to do it with.
But héw widespread is systemaiic program evaluation in post-secondary
education? 1In a survey of practices in program evaluation, Ball and Anderson
(1975) examined some 200 educational programs divided equally among the

Depar<ment of Defense, other federal government departments and agencies,




TAXGNOMY OF EDUCATIONAL OUTCOMES

Educational Development

1. Updates information/increase
awareness of new developments
in,field. {(A,B,C)

2. Acquires new knowledge
(A,B,C)

3. Increases general background
in subject (A,B,C)

4. Reviews fundamentals (A,B,C)

5. Acquires perspective for deci-
sion-making (A,B,C)

6. Learns theory (A,B,C)

7. Gets overview of a new field
(A,B,C)

8. Confirms previous knowledge/hunches
(A,B,C)

9. Gets ideas can use in futyre-
(hope-chest) (A,B,C)

Improved Morale/Sense of Efficacy
10.Increases confidence in own

abilites and skills (B,C)

11.Improves attitude toward job..
(BlClD)

12.Meets and talks with other
professionals (A,B,C)

AD

Evidence: Level 1

Increased desire to learn
more about the field (B,D,D)

Increase receptivity to
new ideas (B,C,D,E,F)

Spreads information to others-
suypervisor, colleagues, sub-
ordinates (Ripple effect)
(C,D,E,F)

Approaches work with greater
confideriie, zest.
(C,D,E,F)

Improves productivity
(‘c,D,E,F)

Level 2

Enrolln in other CEE
courses, self-study
(C,D)

Convinces others to
change.
(Cl DIEIF)

Is advanced or promoted
in company or gets another
job. (C,D,E,F)
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can be useful for ther purposes as well. Students do not object to

answering basic demographic questions and skip fewer of them than they
do attitudinal items,
Therefore, end-of-course questionnai?es are an important evaluation
tool - provided that they include demographic items, despite their
sometimes questionable reliability and the biases they may reflect.
Following up a small sample of students by phone calls or questionna;res
will rield data on whether the course has helped the individual professionaliy
and how she/he has used the information learned. Occasinnal phone
interviews with supervisers, company development people, etc. can confirm
ideas industry holés toward the courses and their perceived effects.

AN EVALUATION MODEL

The tablé on pages 37.and 38 is a taxonmy of educational outcomcs
resulting from participating in a CEE course. The left hand column showa
\

the changes that students report they gain from completing a course.

They could also be considered educational goals. There are three types

of outcomes; educational development, improyédﬁmorale/sense of efficacy,
and improved job performance. The nine i;ems under educational develop-
ment range fromn "update information/increase awareness of new developments
to " get ideas can use in future " and Yepresent the kinds <. knowledge

acquired. The second category of outcomes are attitudinalé-improved

morale and an increased sense of efficacy. A sense of efficacy refers to

the engineer's confidence in his own professional competence~ the feeling
that he knows how to do a good job, that he is qualifiéd and productive.
Efficacy is shown in increased confidence in one's ability and skills, an
impfoved attitude toward the job, and the ability to talk with other

professionals as peers.




estimated at six to seven years. That is, by seven years, half of the
knowiedge the engineer began with has become obselete. Futher, Saxberg
states, "Theorétically in another Qix or seven years everything the
engineer orginally knew would be obsolete. Clearly the only way for the
professional to combat creeping obsolescgnce is to continue to move on a
path of development whereby he maintains and excqeds‘the job demands as
these increase or change over time.."

Knox {1979-e) discusses the influences on proficiency and obsolescence
as follows: "Some influences on current proficiency and obsolescence
reflect the individuals's previous capability and background'along with his
curren* outlook and efforts to be proficient. For example, the: curréntly
obsolete professional may never have been proficient, or may have acquired
adequate knowledge but not had the minimum necessary professional experience
to prodhce even minimal proficiency. A professional may forget information
chat is important to effective practice, or may experience shifts in occupa-
tional tasks that contribute to obsolescence. Some areas of proficiency
are not maintained due to lack of practice. A professional's proficiency
can also be affected by attitudes toward ethical aspects of practice, by
efforts to interact with peers, by efforts to increase his or her proficiency
in deliberate ways. by achievement motivation, and Sy approaches to
problem solving."

Because CEE Students who are new to a specialty (even though they
may have received their engineering degrees a decade or more ago) are
more critical of instructors and expect to be told what to be told what
to do on the job Monday morning, it is impqrtant to ask identifying
demographic questions on course evaluations. This is the only way to

place the complaints of dissatisfied students in context so that changes

44
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analysis rather than design synthesis (Meadow, 1977.) Lack of rapport
between academics and industry has been cited as ; reason for iow partici-
pation rates. Also the question of whether CEE courses are p;operly
suited to the needs of adults has been raised - although it seems to make
little difference since CEE courses always have and still continue to use
lectures as their major teaching method. Busy engineers, like other
professionals, expeét lectures and few seem willing to sign up for hands-
on laboratory or field experience courses . . . although those who do

are very satisfied. Our point is not to discard lectures, bu: to im;rove
them and add mpre time for participants to interact with each other and
the instructors.

In our view, company training programs and on-the-job-training seem
to do a good job of seeing to it that engineers learn what to do and how
to do it. However, these programs rarely include the "why” and it is inl
this area of understanding that‘academic faculty can make a contribution.
We found that enginear.i who were very experienced in a specialty were more
tolerant of the college professors who used hypothetical examples and
explaiged theory than were the newcomers to the specialty. New entrants
seemed still struggling to learn the basic terms and concepts as well as
hcw to do it and were impatient when the "why" was explained.

The problem of professiona} obsolescence has been a major'issue in
the CEE literagure. (Knox, 1979-e; LeBreton, 1979; Lusterman, 1977;
McLaniel and Others, 1966;‘Meadow » 1977; Morris, A.J., 1978; Pratt, 1979;
Rothenburg 1975; Saxberg, 1979.) Saxberg writes that as engineering

knowledge expands at a rapid rate, the half-life of the endineer has been
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course with required prerequisities. Giuliani (1979) cites two criteria
for selecting continuing education programs for impact evaluation:

1) the extent to which the duration and intensity of a program cculd
realistically be expected to produce measurable change in participants or
their oryanizations and 2) whether support (time, woney, evaluation
expertise, and faculty cooperation) for the evaluation process itself is
available.

Brevity and the range of students whom they attract are two factq;s
that combine to make evaluation of engineering short-courses particularly
diffic%}t. The engineers who attend are diverse indeed -- from the merely
curious and those who are just entering the spgcialty to the professional
with many years of experience and the researcher whose experimants are
advancing the frontiers of knowledge in the specialty. Instiuctors usually
view their goal as helping parti;ipants update their skills and knowledge
in the specialty, bﬁt the variety of student needs and expectations and
their different levels of sophistication pose an instructional dilemma.
Teaching students who are new to the field and thosea who are as knowledgeable
as the lecturer in the same class requires careful planning and great skill.
Some instructors plan the course with something for everyone in the .1ange;
others try to keep the course at what they ¢ ‘1sider a basic level; while
others aim thei; presentations at a hypothetical middle group somewhere
between the extremes.

Because CEE courses serve so may purposes and have such a diverse
student population, they are difficult to evaluate. Much of the research
has criticized university-bused CEE programs as not addressing the working

engineer's need for job-rel ted knowledge and too much preoccupation with
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private industrial and commercial enterprises, and junior and community
colleges. They found that most of the Department of Defense, other federal
government programs, and private sector industrial and commercial enterprises
were receiving some form of program evaluation. Most of these evaluations
-involved questionq@ires administered to teachers and students to measure
their perceptions of the program. However, it was very clear that tradi-
tional formal education institutions - the collgges - rarely indulge

in program evaluation‘in any formal sense of the term. Ball and Anderson
state unequivqcal;y: "It seems that once a program is installed at the
college level it bécomes 'functisnally autonomus', and it i; unlikely that
any formal effort will occur to gather evidence concern.ng the need for program
modification’or continuation."”

Rigorous, analytical evaluation procedures are infrequently institution-
alized at th: college level -- ever. whﬂ:‘;)me sort of eval'ation is mandated
as a part ;f grant funding. A survey of 375 colleges and universities
that received grants for innovative instructional programs revealed that the
main pattern was loc .l1ly developed measures given out by individual faculty
members. (Hodgkinson, Hurst, and Levine, undated.)

Evaluating continuing education programs entails the same problems
that educational 9va1u§tion in general faces, including such important
factors as the complexity of the process, the number of variables, the im-
preci;ion of the measures, cost, dislike of people to count results, the
difficulty of interpreting results, the defensiveness of instructors and
program directors, and the fact that there are few rewards for evaluation.
Because tests are rarely given, there are few ways to directly measure‘the
amount learned in CEE courses. Nor can one be sure that the students who

take the courses are adequately prepared in contrast to the typical engineering




Improved Job Performance Evidence: Level 1 ; Level 2

/ 13. Solves present problems Initiates new projects, Replicates experiments,
/ (A,B,C,D) assumes more responsi- designs and implements
/ bility (C,D,E,F) ' new experiments. (C,D,E,F)
/ '
,/ 14. Improves specific job skills/
/ ptOductiVit)’ (A,B'C‘D‘EpF)
;' (D :
/ ™ 15. Changes procedures/viewpoint Uses new technology, ideas
' (B'C‘D'E'F) in work (C‘D‘E‘F)
Code Instruments
A = Pre-course questionnaire (for measuring goals & expectations.)
B = End-of-course Questionnaire
C = Follow-up Questionnaire
D = Follow-up Interviews with participants
E = Follow-up Interviews with supervisers
F = Follow-up Interviews with colleagues, subordinates

Response
Sample Gradient

- Basic formulations may help in my work, but I'm not sure how far I can go without further reading
- In the future, I'll be using e-beam equipment. Courses like this will help when the time comes to purchase
equipment. '
S - Since I'm new to the field, this course gave me a good background.
"" - The course brought me up to date and refreshed my knowledge.
- The basic ideas from the course substantiated the knowledge 1 already had and reinforced my decisions to
ase the techniqvues, ,
- It save me at least 3 months' reading which I probably wouldn't have done.
- The course gave me new insights into management & design needs.
- Now I'm qualified to serve new clients and help my company qualify for government contracts.
- The course definitely increased my range of skills,

- The information learned will enable me to make faster decisions.

N
>
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The third categdéry "impro.,sd job performance" is self-explanatory. -
The engineer reports he can solve present problems, iﬁp;ove his skills and

productivity, and change procedures. TheSe perceived outcomes can be ob-

served at a later time as illustrated by the items listed in the columns
labeled E:'vidence, levels 1 and 2. For example‘.. an individual who has
increased confidence in his own‘skills approaches his work with greater
confidence, shows improved productivity, and is promoted or advanced with-
in his company. The lstters following each item are codes for the type of
instrument'or method used in determing the existenee of the iten.

(See page 3é.)

Context and Constraints

[}
A number of factors l}mit the CEE student in using the information

he learned in a course on his job - indeed grom moving to any of the levels

indicated under Evidence. As Saxberg (1979) states, "The work ehviron-

ment sets limits\that training cannot overcome." Meadow (1977) quotes

Harold Kaufman Qs saying that when engineers take a.degree or a course at

company expense but are not subsequently given more résponsibility or

other form of recognition, their disappointment may cause them to seek

another job. Similarly, one can ieave a course laden with new ideas for im-

proving one's work, but be constrained because one lacks “he power to

| implement change yithin the company. Some engineers take courses becauseq...‘
they expect to get into a project relating to that knowledge in the future,
but are presently éo tied into @ current project on a different topic

- that they have no immediate use for the knowledge ;hey gain. Only about
half of the students we interviewed were able to use the inforﬁatibn they

gained in their jocb.
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Personal cﬂaracteristics (assertiveness, ability, communication
skills, etc.) ;lso limit an engineer's ability to apply new information
learned or to influencq others to chaﬁge. |

wong range evidence of trapgfer of learﬁinq is thus dependent on
many interrelated factors- personal ‘characteristics of the learner, tﬁé
nature of the course (including instructor's objectives, level,~pace,

»

length, materials, etc.),and opportunities.for application in the work
en&ironment.

In assessing the impact of short-courses, evaluators must rely on
selffréport measures because achievement tests are ﬁeither use§ - nor are
they appropriate in' most CEE courses, However, questionnaires and‘other
instruments can be improved by asking apéropriate questionélana by in-
cluding items that identify key sub-groups (i.e., those who differ in
background, exgirience, expectations, work opportunity to use new infor-
mation, etc.)"ﬁre-quqsfionnaires as well as end of course and follow-up
sﬁrveys should be administered to a£ least a sample of students. Follqw-~
up interviews with participants, supervisers, colleagues, and/or sub-
ordinates can provide-additional evidence of the course's value.'

1

The Sample Response Gradient shown at the bottom of page 40

illustrates a way to arrange.student responses concerning the course's
impact so that they can be weighted as criteria hy independent judges.

. These pagticilar responses have been arranged so that they reflect de-

grees of learning, but this approach could be refined by adding more

iters and getting experts to weight them. Had we had a longer project,

this would -have Heen .done.
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RECOMMENDATIONS FOR IMPROVING CEE SﬁORT’VCOURSES

Although there are many kinds of CEE courses, we concentrated our re-
search efforts on university extension state-of-the-art short-courses that
do not give credit nor lead to a degree. U.C.B Extension classifies these
courses as follows:

1. Courses aimed at updating basic, ongoing knowledge (e.g.,

Airport Planring and Design)or as providing basic training
in a new technology (e.g., Interfacing to a Microcomputer)

2. Regqulary scheduled state-of-the-art conferences

(e.g., Computer Aids in IC Technology and Device Design)
3. Special one-shot topics of interest to a special population
(e.g., Electron-Beam I.ithography)

From the students' perspective these goals overlap so that, whatever
the coordinator's intention, the same course may attract students seeking
to £ill each of these needs.

The recommendations tha% follow apply specifically to university
extensior courses, but may have implications for programs offered by companies
and professional organizations as well.

However, university extension programs operate under special constraints
that may'differ from those of other providers. As appendages of universities,
extension CEE programs must maintain credibility with their engineering faculty
as well as with the industrial community. U.C.B. Extension's goal is to pro-
vide a high quality public service, but, at the same time, programs are e,-~
pected to pay for themselvec. Thus economic realities limit the kinds of pro-
grams offered and determine how often they are given. Futhermore, extension

programs compete with commercial programs that don't need the approval of

engineering departmonts and can concentrate on profit making.
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U.C.B. Extension CEE courses aim at bringing facult: who work ét cutting
edge of new knowledge together with engineering professionals and praction-
ers. The fact that every course is expected to be a winner and pay its
own way is typical of extension programs throughout the nation. (ﬁeadow 1977)
At U.C.B. CEE course failures are few,'but costly when they happen. However,
some programs draw large numbers of participants enabling the department to
offer‘a few classes that attract small audiences.

The problem of maintaining the academic standards of graduate engineering
faculty is an unending struggle, however each course is supe.vised by a
faculty-member-in-charge, and a board of overseers comprised of engineering
faculty and industrial‘representatives advises the CEE administrators.

The U.Cl Berkeley.CEE program has one advantage - that is, tﬁé prestige
of the university and its research thrust attract many engineer practitioners
to its éourses.

So, taking into consideration the special characteristics of UCB CEE pro-

grams, let us examine the implications of our findings for improving courses

1

may useful to other ‘programs.

Roles and Responsivilities of the CEE Program Director.

The Program Direcgor is the key to the development of successful CEE
courses, Directors:should be dynamic, knowledgeable, and effective in working
: . |
with engineers for they must continually interface with industrial leaders
as well as academicians. They must identify industry's néeds and locate

and convince the best qualifiea instructors to teach CEE courses.

Thev must be dilligent talent scouts for they often have to scrounge to

get good instructors. They must persuade engineering faculty members that

Extension teaching is a legitimate function of tiie university and overcome

|

1




the negative attitudes some academicians hold about teaching CEE courses.

Also industrial leaders need to be convinced that university professors can
teach practicing engineers effectively. Some CEE exXperts claim that pro-
fessors are not thé best instructors for practicing engineers because they
usually lack industrial experience and an understanding of the realities
of engineering jobs (Meadow, 1977). Professors have also been criticized
as not adequaltely prepared to teach state~-of-the~-art CEE courses by those
who credit industrial researchers with producing most of the significant
applied research. Undergraduate textbooks and courses are of&en ten years

béhind the time and journal information lags behind current reszarch by

\
)

;

several years.
However, in a prestigious institution like University of California,
Berkeley, the greater problem is how to make CEE teaching attractive to
professors who have state-of-the-art informgtion'that would be useful to
practicing engineers. Extension teaching is viewed as a third-rate endeavor
for faculty who consider téaching and research their highest prio;ity
and rank undergraduate teaching as second. K
Locating good instructors from the industrial ﬁ,ﬁearch community is
not easy either. Finding an engineer who is open enough to share information
about current research withoﬁt running the risk of revealing company secrets
is difficult. (Even when speaker§ are open to discussing their research,
students remain unconvinced when they say that the problems are still unsolved,

preferring to believe that the speaker's company has solved the problem, but

does not want their competition to know about it.)

oL




Program directors must keep the..r fingers on the pulse of industry

and know what courses are neéded. I; would help to be clairvoyant so that
one can predict what information and skills engineers will need in the near
future. Short of this, directors must maintain personal contacts with
industrial leaders and know how to collect needs-assessment data quickly
and cheaply. (Rarely do proéram directors'have the time and money even

if they had the inclination to perform large-scale formal needs-assessment

surveys.) Directors must keep up with the areas in which knowledge is

growing rapidly %o that they can anticipate technological changes,

Once they have identified potential topics and instructors, the

director must help the instructor decide on how to package the information

into courses thét‘will be’;cceptable both the engineering faculty and

industry. The packaging should serve a more rational purpose than Extension's

need to fill courses. 1In some cases, we observed courses that covered

several specialties, and foqnd that when particiéan:s had narrowly limited
interests they complained their interest was given short-shrift in the course.

CEE Directors should help instructors pPlan their courses, give them
information about the probable characteristics of their adult students and
describe the pitfalls to avoid.

For example, the CEE Director should monitor course titles, course
descriptions, the schedule, as well as the course brochure and other publi-
city.

Course titles should be clear and accurate. Calling a CEE course,
“Fundamentals of . . . ," will draw many studenté who have no background in

the specialty. If the instructor aims his presentation at t.e hypothetical

average student (somewhere between the novice asa the state-of-the~art

researchers), his presentations may be over the heads of most of the class.

\

\
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A course covering the same content, speakers, and level could be called
"An Overview of ...." and not discourage as many students even though
 some inexperienced people will enroll. Or if the instructor's aim is to
present state-of;the-art information, the course could state thgt "only
enough fundamental will be covered to help students understand new develop-
ments in the field."

If two topics are to be covered in the course,“the title should accura-

tely reflect the emphasis on each. For example, if the title is "Planning

and Design', both planners and designers will attend and may expect equal time

and or equal emphasis. Dissatisfaction arises when the designers for ‘
example, feel the course has notlgiven them the information they expected.
One way this problem might be eased is to permit the designers , for example,
to attend only those sessions of interest. Another way is to plan the
course so that design information is an integral part of most or all of the
présentations. If the latter strategy is followed, it should be clearly
described in tlie course announcement.

.Course descriptions should be as clear and as specific as possible and

accurately reflect course content.

It seems that more care, effort, time and Jo.lars go into designing the
artwork, colors, and layout of the brochure that advertises the course than
in writing the course description or even in preparing the course materials.

The course description must be carefully worded, and some instructors
may need more editorial help for Extension than they presently get. At
a minimum, the course description should include the following: 1) the
topics to be covered, 2) the rationale (Why should a studert take this
course?), 3) the expected outcomes or goals (What does the instructor expect

to achieve?), 4) a description of the level of experience or background
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expect:d of stuﬂents, (If the instructor assumes prerequisite knowledge

[ 1

this should be clearly stated), 5) a description of the instructional

/
materials (textbooks, manuals, etc.), and 6) a statement about instruc-
tional techniques (lectures, discussion groups, question and answer
panels, etc.)

If course materials are not sent to participants inladwance of the
course, it would be very helpful to list a few basic references in the
announcement so that engineers who want to prepare themselves for the course
may do so.

It is a good idea to include the class schedule in the brochure
and the program director should see that it is not too crowded with topics,
that sessions are not too loﬁg, that ample time is allowed for discussion,
that breaks are long enough (15 minutes is too short), and that lunch periods
permit participants time to relax a little, e2t, talk and digest their food.
(In other words, don't show technical £ilms during lurch hour.)

Séudents in short-courses often suffer from information-overload and
may complain when they feel sessions are too long. Shorter, more specific,
well-organized for;al presentations with more time allowed for discussion would,
in our opinion, maximize the studenﬁs' ability to absorb, retain, and transfer
the course information.

One practical problem in preparing course descriptions and schedules
is that the brochures are printed four t~ -’ months kefore the courses are
given, I suspect that instructors sometimes forget what they have written
between the time the brochure goes to press and the week before the class
starts when they pull th .: final product together. Although speakers

and even the schedule may need to be changed, this should not be an excuse

for vague, cursory course descriptions. The course goals, topics, should

o




remain essentially the same regardless of changes in speakers and times.

Course Materials Engineers who take_CEE short-courses need and e#pect to
received complete outlines of the presentations. Iﬁ information-intensive
courses it is a practical impossibility for many engineers to take adequate
notes. Ph.D;s complained more often about thg”lack of lecture notes in
courses where they were not distributed than did engineers with other
types of degrees. Copies of viewgraphs and other a/v materials are also
expected in the materials given out in the class. (See discussion on paée
27.)

Deyeloping good comprehensive course§ notes and other materials
for students requires a great deal of time and effort to write, edit, and
reprodice. This is an area in which Extension could help by providigg
instructors with more technical writing and editing assistance. Also in-
structors in CEE courses must update their materials each time the course
is offered. Instructors may need additional incentives to do this.

At a minimum, course material? should include detailed notes of-~the
main lectures in hard copy, copies of viewgraphs that are labeled, other

7

articles or research material with their relevance to the course explained
clearly, and bibliographic references. *

Because engineers often enroll in CEE courses to get the matgrials,
improving the materials would pay-off in increased student satisfacticn,
increased clientele, and an improved probability that the participants
would be able to apply course concepts and technology to their work.

CEE instructors seldom send out course materials to students before

the class begins, in fact, the materials are usually pull.q together at the

last moment. There does seem to be some justification for encouraging in-

structors to send materials in advance, particularly in highly specialized,

6
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technical, one-day programs. Students were more favorably disposed to the
subject in course where thisﬂwas done and a number of engipeers requested this
in courses whare it was not done. T
HELPING INSTRUCTORS DEAL WITH STUDENT DIVERSITY
Anothe? important function.of the‘CEE Dirébtor'i§ to help instructors
understand the special problems in teaching: adults and help them avoid some
of thre pitfalls thét can occur. !
T!e range of preparation of students in a CEE class poses Broblems
for engineering professors who are accustomed to teaching thgir specialty to
relatively homogeneous classe; in a tight, sequential cﬁrriculuﬁ. A CEE
class may seem ts include the equivalent of a herd of sophomores, a gaggle
of jurfior and senior engineers, a handful of the professor's bgft graduaté
Students, and a few people who walk off the street. 4Each stgdent has a unique
perception of the course and different practical needs.

In plapning state-of-the-art one-day courses, experiencéa CEE instructors
Lsually build omnibus programs that sacrifice depth for breadth gnd include
something for every level-that is; some fundamentals, a bit of theory, current
.research findings, p;éctical examples and applications, and"speculgtion on
future developments. Speakers are chosen to present each of thesé'lndustrial
representatives teach along with engineering professors. Inevitably the
speaker who presents the theoretical material, regardless of his or her séggkinq'
prowess, earns lower student ratings than the lecturer who describes appli-
cations. The overly-theoretical College professor is thus as at disadvantage
in CEE courses, but so is the speaker from industry who confines his examples

to one prucess or product when the class is comprised of people working in

different industries or with different products.
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Large state-of-the-art-one-day courses attract diverse stucdents, but only
about_one-fifth are new:to the subject.. Thay also provide a variety of
speakers arc topics to meet participants‘variéd needs. Serious prohlems arise
only when the schedule goes awry and some tqpics are-not covered as thoroughly
as the participants anticipated or when speakers are poorly prepaied. inade-
quate in delivery or present purely theoretical or mathematical talks.

We found that instructors had the greatest difficulty teaching smaller
classes (under S0 students) when students varied greatly in background
ana experience and when about half of the class were novices in the field.

The courses that students rated the best and where there was more evidence

that participants transferred the information from the class to their work

were highly specialized small (enrollments of under 20) with relatively
hpmoqenous students. For example, participants in the Value Engineering course
teneded to be older, highly experienced engineers working in design and
construction. Smilarly the microprocassor course drew people with previous
experience with computer programming.

As we have mentioned before, tﬁere are things that instructors can do to
reduce the diversity of students in their CEE courses - such as making sure
that the course title reflects the course content, and clearly describing in
the course brochure the level’of the presentations and the prerequisite know-
ledge and experience needed to understand the course ir the course brochure.

However, if one cannot restrict enrollment to those who might profit
most from the course, it would always help if students answered a fe'w qucstions
about themselves before the course begins. With these answers there wculd be
fewer surprises. Instructors would have some idea of the students' backgrounds
and interests. A simple pre-questionnaire like this one could be printed on

tne brochure and sent in with the registration form:
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Pre~Questionnaire

l. Briefly descr}be your present position.

2. Is your work primari;y managerial technical other

3. What are your reasons for taking this course?

4. Have you taken other courses in (course topic) or related courses?
If yes, what where and when?

5. Does ycur pregen; work invoiva (course topic?) 1If so, how?

6. How long have you worked in your present specialty?

7. What is your highest degree? When did you receive it?

8. What do you expect to learn in this course?

fnstructors should be encouraged to try different teaching methods to
better meet the needs of adult students. CE; courses are rarely seq;:htial-
that is, there are usually not separate courses for beginning and advanced
students and everyone,  regardless of background and experience, enrolls in the
same course. Therefore, it is important that *hese differences be recognized
within the class by providing‘optional sessions, more discussion groups in
which experieﬂced practitiéners could share their practical knowledge, adding
on a hands-on lag for newcomers, or an extra review session on fundamentals.
Instructors seem reluctant to try other teaching models other than lecture/
discussion. To deal with ﬁhe Qarying adult learning styles and capabilities,
an eclectic approach to teaching is needed. That does not mean that lectures
should be éliminated - they are essential and a good way to convey information
quickly to a large number of people. Engineers, like other professionals,
do not want to waste time, and —refer good, well-organized lectures. However,'

there are practical limits as to how much can be absorbed from a full day

or a full week of listening to lectures.
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Holding concurrent sessions during a course where students from different
specialties could chose to attend one or the other has not been.tried in |
the.courses“we observed. Everyone sits through all the presentations:

Another method for insuring that students transfer skills and knowledge
is to plan brief follow-up sessions ; e.9., 4 to 6 weeks after the original

course. This would give instructors a change to provide feedback to students

<

- a condition that maximizes tranfer. (Guiliani, 1979) )
Additional CEE -courses are needed - i.e., courses that engineers

can take after they are turned on to learning more about a topic
by a one-day course. It is yital that general courses be followed by
intensive programs that provide hands-on work or moie advanced concepts.

This is a need that is not being currently addressed by Extension.

Evaluating Courses The CEE Director also has a responsibility for evaluating

courses on a more sophisticated basis than whether the course enrollment
fills and the dean receives no letters of complaint from students. . Without
some additional evidence of a courses's value, few risks are taken - that
is, if the course filled, it is offered again without change.

Compiling a simple data base (such as that shown in Appendix B) i§ a
first step in gathering information for evaluation. Designing questi&kgaires
f§r end-of-class administration, And an occasional follow-up of a random
sample of students are other ways. People do not like to coﬁnt and analyzing

course questionnaires does take some clerical time. As we have shown, it

isn't the absolute number of complaints that instruction is not meeting engineers'

needs that makes the difference. But rather, instructors seem
unaware of the number of inexperienced students in their classes and
novices ire the ones most likely to complain that the subject matter

and presentation are over their heads.




Charging Industry's Views About dgE Gathering simple data on the value
of courses can help fill another need - that is, the CEE Director mustl
assume a missionary role and convince industrial representatives to change
their attitudes about CEE. Students who have completed courses need to
be offeréd opportunities to take more responsibility, and challenged to use
the information and techniques learned.'

Somehow the attitude that taking CEE courses is something one- does
on one's own if the company pays - like a fringe benefit - needs to be
changed. With adequate evidence of the value of CEE course work, a direc-
tor might be able to convince companies t iat they toé can benefit if they
encourage engineers to applyinew information.

in‘summary, the CEE Director serves many roles and devising simple
but effective ways of evaluating the programs is one of the most important.

Unanswered Questions 1In this project we have looked at participants’

reactions in 10 CEE short-courses and used these data to develop
a simple model for evaluating CEL short-courses. A spin-uff of this
effort has been a number of suggestions for directors and instructors ©

given in the preceding section. /

Time and money limited theﬁamant of fgllow-up and analysis that ‘ve
could do. We éid find a number of questions that we were unable to answer,
and these might aid other investigators in further investigations:

1. Takiuag a CEE course seems to increase participant's interest in
taking additional courses or further study. How long does this enthusiasm
last? Do engineers continue to take courses or do they find other ways
to fill this need?

2. How often do engineers need updating? 1In the courses we examined
some people come back every year, others every two or three years. Certainly

attendance at some of these courses depends on how rapidly the technology

bu,




in the field is changing, but, aside.from that, are there any yard-sticks
for predicting when one should return for a;;efresher?

3. Do engineers who complete CEE courses transfer jobs more fre-
quently than those who don't take courses? We found ;hat the ability to

, apply information learned on the job is a function of the job setting
and company constraints. If an engineer returns to work desiring to try
something new and is éhwarted - what happens?

4. It was surprising to us that- very brief one-day programs resulted
in changes in work and transfer of “training with some participaats. wWhat
are the factors that make this possible? Are they all job-related or are
some related to the nature of the individual? Afe'there ways of deter-
mining who will profit from a CEE course? Are there ways of packaging w.r
advertising the courses that would attract.engineers who presently do not
attend CEE courses? ) |

5. How might courses beudesignéd to maximize the chances of an
engineer spreading the ingormation to others iq his/her company? Are there '
ways companles could encourage this?

These ére some of the questions that still intrigue us.

To summarize: 1In this projecéiwe developed a simple model for eval-
uating CEE short-courses, based on the problems, processes, gnd findings
of 10 evaluations of U.C.B. CEE courses. The model developed addresses
three major areas of outcomes: edutationai development, improved morale/
sense of efficacy, and improved job periormance. Under these three
categories are 15 specific outccmes and two types of evidence for classi-
fying results. A gradient of statements reflecting the impact resulting

from CE. education was sketched. To place the outcome evidence in appropriate
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context, it was suggested that characteristics of the job setting and
personal characteristics of the participant be considered.

Routine évaluation of CEE courses can be done inexpensively by
improving end of course &uesﬁionnaires and including somé demographic
questions (i.e., it is important to know the student's reasons for taking

s .

the course, the amount of experience he/she has'had in the specialty,
and backgrouhd in the subject, etc.) Compilation of a simple data basg
from'this information will ease planning.. In our study we found, for
example, that eryineers .who were inexperienced in the specialtyAwere
more likely to complain that instructors put too little emphasis on

—” T
applications. These engineers although newcomers to the special.y tended
to be older engineers who.were considering or had just made job changes.
ﬁerhaps much of the concern about job obsolescence hat been mis-directed
by over-emphasizing the engireer who remains in the same specialty
throughout his career. It may be more realistic to recognize that many
engineers are forced into mid-caregr changes and given limited time to
prepare for new specialties. This group is rarely addressed dircctly in

the planning of CEE courses, and'perhaps some of the suggestions we have

made for improving CEE courses will aid their plight.

Dissemination of this Report. A copy of this report will be sent to the
ERIC Clearinghouse for Continuing Education and copies will be sent to
75 libraries. 1In addition, copies of the abstract will be sent to 100

industrial training representatives.
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STUDENT QUESTIONNAIRE
ITEMS

The National Science Foundation has funded U.C.B. Extension to evalu-
ate the quality and usefulness of its engineering short courses. Your
responses ‘to this questionnaire will help us improve -our courses and
develop an evaluation model for other courses.

Please fill out the following items carefully. Most questions can be
checked, but a few require short answeres.

We appreciate your taking the time to answer these questions. The

informa*ion you give will te held confidential unless you agree to
release it.

I do ¢ ) do not ) wish the information I give to be released to
my company.
(Note: We found that the more students answered the questions when

the release statement was at the erd of the questionnaire,)

Democraphic items

What is your job title? Your highest degree?

In what year did you receive it (or year)?

What % of your time is spent in:
managerial duties
technical duties
sales/marketing

(
{
{
{ other (what?)

R N

(Nct2: other alternatives used in this item varied with the course
including: test/quality assurance, production, design, structural
engineering, research, production processes, contracting.)

Do you work primarily in:
4 . R&D
( ! Production

) Planning and Decision-making

(rote: other alternatives were used depending on the course.)




Demographic items (continued)

How long have you been in ? (lithography or whatever the course
topic is.)

(Revised to: How many years has your work involved earthquake engineer-
ing , or whatever the course topic is?)

(For some of the computer courses we asked questions like;)

How much experience have you had in using computer analysis techniques
for designing buildings?

' Have written applicable computer programs.

Have performed computer analyses.

Have used and interpreted the results of computer analyses.
Have had other experience, Explain

Have had no experience

N e it el

(for value engineering we asked: Are you employed by the goverment?

How many people do you supervise?

How much opportunity is there for you to disseminate the information
you learned in this course to other in your company?

How well prepared were you for this course? or
4
How many courses in have you taken? or

Have you taken this course (or one like it) before?
If so, where and when?




EVALUATION OF COURSE

What were your goals in taking this course? Rank order
1= most important

4= least important

learning the fundamentals

improving general background

updating knowledge

acquiring a perspective for decision-making

meeting others in the field and finding out what they're doxng
other (what?)

~ T e s~ e o

How well were your goals achieved?

not at some- satis- very
all what factorily well
Learning fundamentals ( ) ( ) ( ) ( )
Updating knowledge ( ) ( ) ( ) ‘ ( )
Acquiring perspective for .
decision-making ( ) ( ) ( ) ( )
meet_ng others () Vo) () ()
other (what?) () () () () :

(Note: on some course/questionnaires the goal questions were combined.)

wWwhat were your goals in taking this course?
How well were they achieved?

not at all somewhat very well
( ) updatcing technﬁcal information { ) «( ) ¢ )
( ) knowledage of fundamentals ( ) (G ()
( ) perspective for decision-making «( ) L) ()
( ) meeting others in the field and
finding out what they're doing ( ) ( ) (
() improving job skills ( ) o) ()

\Note: on some questionnaires we included "getting an overview of current
research," "learnlng advanced theory," "Solving process problems," etc.
at the instructor's suggestion.)




Evaluation of course continued

How did this course ccmpare with other engineering short courses you
have taken? (In usefulness, content, interest)

( ) the best I have taken

( ) better than others
about the same as others

less satisfactory than others

have taken no others

Rate the course on the following:

pace ( ) too fast
length ( ) too long
difficulty

( ) too hard

( ) about right
( ) about right

( ) about right

( ) too slow
( ) too short
() too easy

How wouid you rate the instructors' emphasis on the following?

, too mu:h
current research information ¢ ) (
fundamerrtals ¢ ) (
application - » «( ) (
theory ¢ ) (

about_right

)

too little
« )

¢ )

Was there somevhing you expected to get from this course, but did'nt?
if so, what?

'




Evaluation of Course continued

How effective were the various forms of instruction?

poor fair good excellent
team workshops () () () ()
films () () () ¢ )
lectur: s () () () ()

wWas there something that you expected to learn in the ourse,
but didn't? If so what?

How might this course be improved?

;

Outcomes and Applications

Do you plan to do further study on the topics in this course?

Yes, as part of my job

yes, on my own time

doubt that I'll do more study
am sure I won't

—~ o~ o~
' et S

OR

Have you sought further instruction or done further individual or company
research on the topics in this course?

major company research area

have done considerable research on my own time
have taken additional courses
no

— e e s

75




Outcomes and Applications continued

How useful have the lecture notes and/or other courses materials been
to you :

( ) very valuable () quite useful ( ) not useful

Which phases of the vorkshop will be most useful to you in your work?
either immediately or in the long-term?

Of immediate use Of future use

Information

Speculation

Analysis

Development

Présenta:ion

(No;e: Topics varied with the course.)

(On the reverse side of this page, briefly describe the ideas & techniques
you found most valuable, and how you plan to use them.)

OR
4
A .
Did you find anything in the Did you find anything in the
'course that you could use course that you can use in the
immediately? if so, what? futre? If so, what?

TABS
ETABS
DRAINE 2D
DRAIN-TABS

(Topics varied with the course)

{On the reverse side, briefly describe the ideas and techpiques you found
most valuable and how you used them.,)




Have you discussed the information gained in this course with
your company colleagques ( ) . supervisor ( )

Do you think that taking this course has helped you professionally?
( ) ves ( ) no ( ) am not sure

If ves, explain:

How much did your company benefit from sending you to this course?

( ) a great deal ( ) somewhat ’ ( ) not at all

Explain: 4 y

Would you recommend this course to a colleague? ) yes ( ) no

Company Support of CEE Cou-ses

wWho initiated your decision to attend this course?

-

( ) I did { ) my superviser ( ) I was selected
' by my company

t

How does vour :-ompany support/recognize attendance at courses like this
one?

LY

company strongly encourages attendance
company pays fees and expenses ( Full- Partial- )
company grants released time (time off)

course attendance increases possibility of promotion/ raises
no particular encouragement

P N N e e B
P e

s




I wouid like to participate in a short course on:

. D

Other remarks?

Final Statement

The NS¥ Evaluation Project Team is planning to conduct case-studies on
engiaéirs who have taken short.-courses. If you are willing to participate
in two brief interviews, to be scheduled at your convenience, and to
parmit us to interview your colleagues and supervisor, please fill in your.
name and phone number below:

Name

Phone No. : '
(area code)

( ) perfer telephone interview'
( ) want further information
( ) do not wish to participate

( ) I'd like a summary of the final report.
Please return questionnaire to:

Ergr. Extension #XT37
U.C.B., 2223 Fulton, Berkelay, CA 94720

P
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PARTICIPANT INTERVIEW DATA SHEET

Code #
Course B Name _
Date Interviewed_ _ Phnne .
Interviewer . , Job title_

How doe@s your job involve the topics covered in this coursex

Nhy did you take the course?

How much did you know about the topics beforehand?

How do you feel about your knowlegg- now?

Have you had a chance to use information learned in the course?
If so, how?

Have you used the course notes and other materials? ng often?

For what purposes?

fow many people do you supervise? Has there been a chance for you
¢ spread information from the course?

‘Have you beer able to make any changes as a result of taking the course’
Descri}e:

Have you taken any related courses since taking this one?
If so, what? ‘ Had ycu had any before this one?

Nnere else could you get instruction on these trpice?
Na5 the course oriented toward practicing engineers?

VNhat do you think %bcut the way tha: the instructors Presented the
class? Could you cdrment on specific instructors?

Are there btetter ways to run a class like this?
Are there any other topics you'd like Extension to Present?
Is there someone in your'company that handles outside education®

Anycne in your department that might have suggestions for needed

courses or giv.e us an idea of now much your company has g€ained
frem having you take this course?

If so, names__ title(s)
phone #'s

e anything else you'd like to add?
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FAZULTY INTERVIEW PROTOCOL

7

Instructor's name Course

1. wWould you explain the specialty (content) the course addresses?
2. What other sources of training are there in this specialty?

(i.e., are courses included in undergraduate/graduate engineering

schools? company training programs? others® If so, how long do these courses
last? How do they differ from this CEE course?)

3. What do you see as the major goals c¢f this course?

4. wWhat kinds of students do you expect to attend (Background prepara-
tion, reasons for enrolling? Engineers? Others?) .

5. What do you estimate the educational background of the course partici-
pants to be? (3 BS, aMS, % PhD? Other?)

6. Have v.. taught this information as a CEE course before? grad/undergrad

-

course? . 7

7. Do you .. this course toward any particular educational or experience
level?
8. How was :iu: course selected?

9. How did y~': decide on the teaching methods used in the course?
10. kow did yo select speakers?

11. What kinds of problems do you expact students to have in learning the
course material?

12. Will course notes or other materials be given to the participants? 1If
so, please describe them '

13. What kinds of effects do you ervpect the course to have on those who
takan it? (Examples of tvansfer.)

(Other questions were tailored to each course. For example, we asked the Value
Engineering instructor about the importance of certification; how companies
recognized CEE participation; whether government emplovees would enroll, etc.)
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NSF Proj. XT-37
M. Maxwell

Follow-up Interview Form (for superviser, colleague,or subordinate.

Name Phone Company Date

Interviewed by Code #___ __

1. Introduce self and explain purpose of NSF Project.

2. Explain that has consented to let us

(name of student)
interview you regarding the impact of CEE courses on the company.
de're interested in how the company gains from sending represeniatives
to CEE courses and what impact these courses have on employee's job.

J. In general, aew do ;ou feel the company benefits from sending
regyresentatives to CEE courses?

4. Nhat effects have you observed from attending the course?

code: changes in work productivity
Examples: procedures
persepctive
techniques
. work with clients

work with colleagues
other:
problem-solving

5. Has ___ implemented anything new?

programs
research .
declslon-making
procedures
other?

Examples:

O~

Has disseminated information learned in course to others?
who?  superviser, coll., subord.
Examples : how?  passed arognd&maperials/memos
. presented 1nfo. in meetings
discussed informally
informal discussions/brain-
stormed

7. Do you feel course éontributed to *s professional development?

O)
1f so, how: increased skills in

understanding of____
confidence in
8. leadership in ____
'+ job skills in ____
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NSF XT-3

Interview Form (superviser, etc.)

8. Other specific benefits to company?

9. Any negative spin-offs.of taking CEE courses?

10. Suggestions for needed courses/ ways courses could be improved?
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UNMIVERSEOY EXTENSION 2223 FULTON STREET
BERKELEY, CALIFORNIA 94720

June 11, 1979

TO: Students in the 1978 Airnort Systems Planning and Design Course

Engineering Extension, under a grant from the National Science Foundation,
is conducting an evaluation of its short-courses for engineers. Your responses
to the guestions on the attached questionnaire will help us find ways to improve
our courses and to develop a model for evaluating future courses. We are par-
ticularly intcrested in finding out whether and how you have applied ideas and
techniques learned in the course to your work.

Your responses to this survey will be kept confidential. sHowever, we have
included vour name on the questionnaire so that we will not have to bother you
with reminder letters.

You may request a summary of the evaluation results by checking the box at
the end of the questionnaire. '

Please take a few minutes to answer the questions and return the form in
the enclosed, pre-addressed envelope.

If vou have any questions about the survey, please feel free to call me
at i415) 223-5947.

Thank you tfor your help.
Sincerely yours,

MARTHA MAXWELL, Ph.D.
N.S.F. Project Director

P.S. We are also asking for volunteers for cace-studies of the impact of
Extension courses. If you are willing to e interviewed by the project team,
and permit the team to interview your supervisor and colleagues, please in-
dicate this on the questionnaire.
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EXAMPLE OF A DATA BASE




Note:

DATA BASE

(406 Respondents)

I. Student Characteristics

1. Educational Background

Higlh School - 1%

Assoc. Degq.
Some college
B S

MS

PH D

6
45
30
18

2. Year received highest degree.

78-9
76-7
70-5
65~9
60-4

9%
13
31
19
11

59 or earlier 18

3. Percent of time spent administration:

0%
10-29
30-39
40-49
50-69
70-89
90-100

4. Percent of Time

0%
10-29
30-39
40-49
50-69
70-89
90-100

-

25%

31
9
6

16
8
5

in Technical duties:

%
13

4

4
19
17
41

Not all participants answered all questions and the data
presented are not wgighted by class size. Therefore, this
table serves only as a general model of kinds of information
one might compile in a data base.



5. Number of people supervised:

' None 135
1 -2 16
3-4 29
5-10 40
10 or more 9

6. Number of years in field:

Less than 1 year 23%

1 ~2 22
3-5 15
S - 10 12
10 or more 28

7. Whc initiated your taking the course?

Sent by company 10%
Supervisor

Recommended 26
Self-initiated 63

8. Company support of CEE course
attendance:

Comnany pays fees & expenses 95%

Cr apany gives time off 93
Company strongly encourages
attendance: 82

9. Previous courses on this topic?

Yes - 26 %
No - 74 %

10. Previous CEE short courses?

Yes - 66%
No -~ 33%




II STUDENT EVALUATIONS

Degree to which goals in taking course were

satisfied:

Goal - update knowledge (% checking this as goal

= 75%)

Satisfaction

Goal - learn
goal = 67%)

z

Not at all 5%
Somewhat’ 40%
Satisfactory 15%
Very well 40%

fundamentals (% checking this as

Not at all 6%
Somewhat 43%
Satisfactory 17%
Very well 34%

Goal - Improve general background

Not at all 6%
Somewhat 29%
Satisfactory 31%
Very well 35%

Goal -- Solve Problems

Not at all 19%
Somewhat 04%
Very well 17%

Goal - Acquire perspective for decision-
making (65%)

Not at all 13%
Somewhat 47%

_Satisfactory 12%

Very well 28%

_Goal - Meeting others in the field (55%)

Not at all 18%
Somewhat 51%
Satisfactory 13%
Very well 19%




P, B-4

Goal - Improve-job capabilities (10%)

Not at all 15%

Somewhat 47%
: Satisfactory 7%
Very well 3%

Goal - New Field

Not at all 13s
Somewhat 18y
Satisfactory 19%
Very well 50%

2. Comparision with other CEP courses

taken:

Best- 7%
Better than
others 30%
About the

same: 25%
worse 6%
Have taken

no others 33s

3. Usefulness of course material:
Doubt that I'll use them 10%
- May use them ‘ 37%

Expect to use them regularly 53%
(Very valuable) .

4. Outcomes:

Interest in taking other courses: (write-in)

Yes 45%

, —
Plan to take furthed course
Yes 72% '

Plan tc do further research on course
topics on own?
Yes 77%

Plan to do further research on job?
Yes 75%

Je)
'




B~-4 Continued

5. Application of Information iearned in courses:
No. Topics/ideas can use immediately

C-39%
1-25%
2-15%
3-4-14%
S5+-5%

No. Tfopics expect to use in future

0-45%
1-23%
2-17%
3-4-10%
"5+ -5% . ]

No. examples given:

None-89%
one-19%
two-8%

three-2%
four or or-more 2%

9

P e




6. Was there something you expected to get
from the course, but did'nt? : A
' Yes - 58%
No - 42%

7. Evaluation of aspect of course:

Too Fast About Right Too slow 3 .

Pace 13 8ls 78 ,
Too_Long About Right Too slow .

Length 13% '55% 3 32%
Too Hard About Right Too Easy

Level 148 . 66% 208

\

Insvructors' Emphasis on: ‘

Too Much About Right Too little
Research” .5 . s 74 21
Y .
'« Applications . 2 v 59 40 ’ ‘.
) - LN
Theory 13 ;TS 12 .
Fundamentals - 81 . 12.

8, Written suggestions for impro&ing the course: .
(Based on 217 comments) , .

Improve materials 27 . , )
H ' O
Organization 228
, 4 * | 7
Instructors 15% _
Content/Topics 13%

»
Focus more on

Engrs. needs 11y
Facilities 8% ‘ ' ‘n
Other 49




III. Other Items: T .

4

\ 1. How well prepared fp; this course we*e you?

Unprepared . 13% . &
Somewhat 26%

Gen?ral Background 24%

Weil'Prepared 35%
:Very Well Prepared 3%
2. Willing to be interviewed ? 22%

Were interviewed 15%

(Note: 68% of those willing to be interviewed,
were incerviewed) '

(e
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Engineering Design in Timber . . . . . . . . . . . « . . .C-8

Computer Aids for IC Technolgy and Device Design . . . . . .C-9

Interfacing to a Microcomputer . . . . . . . . . +« . « . . .C-10




EVALUATION OF "FUNDAMENTALS OF HIGH RESOLUTION OF LITHOGRAPHY',
A University of California Engineering Extension Course Offered
February 23, 1979,

Evaluators: * Faculty Coordinator for the Course:
Martha Maxwell Andrew Neurether, Assoc. Prof.
Caroline Snowers Electrical Engineering § Computer

Science, Dept. U.C. Bagkeley

About Lithographv

Lithography 1s one of the seven technologies in the electronics field
that contribute to the development and manufacture of calculators, computers,
and other electronic devices. In this field, the word 'lithography'' means
the technique of writing large amounts of information in the form of electri-
cal circuits on a very small area, the proverbial pinhead. The limits of
- high-resolution lithography, rather than those of the other six technologies,
constitute the limits on production of a new electronic device. Now 15 years
old, lithography has for S vears set the limits to all the other technologies
in this field.

Company training in lithography enables a new employee to make a con-
tribution to the field in about 6 months. Experienced workers tend to stay
within device fabrication (the conglomeration of the seven technologies)
throughout their career, but have considerable mobility across technologies.
Those who move into managerial positions usually have char_: of at least two
of the seven technologies. The only formal training in lithography that a
university stucent receives is that gained in research for a master's or
doctoral degree on a relevant topic.

Description of the Course

Fundamentals of High-Resolution Lithography was a one-day course in-
tended for engineers who are present or potential users of new lithography
systems. The course brochure described the four lectures as providing 1) a
practical conceptual foundation for the field, 2) a detailed discussion of new
developments, and 3) a survey of alternatives for VSLI lithography with re-
duced linewidth capability. The topics included 1) Deep-UV Lithography, 2)

a User-Orientated Simulator for Projection Printing ( SAMPLE); 3) E-Beam and-
X-Ray Lithographv, and 4) Composite Processing for High-Resolution Litho-
graphy. These topics were presented by the speakers in lectures (ranging
from 75-105 minutes in length) with a few minutes for questions after each
talk and a 13-minute general question discussion period at the end of the day.
Participants were given 15-minute coffee breaks in the morning and afternoon
and a one-hour lunch. A social hour was schedulad at the end of the day, but
there were problems in getting it set up so most of the participants left
after the discussion session.

Two of the speakers were from major industrial research centers and two
were university professors. '




METHODOLOGY

This evaluation is based on the results of questionnaires adminis-
tered to 90 students at the end of the course, follow-up interviews with

20 students, and interviews with the faculty-member-in-charge before and
after the course.

Student Questionnaire

Evaluation questionnaires were distributed to students immediately
before the panel discussion at the end of the day, and were collected at
the conclusion of the program. One hundred and thirty-two people attended
the course and 90 questionnaires wepe returned. The questionnaire included
21 items, only two of which were ogsgzgnded (participants were asked to
describe the topics they found most valuable, how they would use them, and
to make one suggestion for improving the course.) All other items involved
checking the appropriate alternatives or giving one-word answers stating,
for example, job title or degree level.

[tems on the questionnaire can be roughly classified into four groups.
Demographic items (1-6) investigate amount of education, nature of profes-
sional duties, and experience in lithography. Another group of questions
(7,8,9,11,14,16,21) focuses on the effectiveness of the course: 1) How well
participants' goals were achieved; 2) How information gained will be applied
in the job setting; and 3) How well the course compares with other short
courses for professionals. A third area of investigation (Items 12,13,14,
16) is company attitude toward state-of-the-art courses. Finally, partici-
pants were requested to indicate their interest in taking future courses
and participating in follow-up interviews (Items 17,19). (See Appendix A for
the questions and summaries of the responses.)

1. Demographic Characteristics of the Students

. About half of the respondents described themselves as a manager, super-
visor, .r director. Yet, on the average, they spent 71% of their time in
technical duties. About an equal number of students had Ph.D.'s, Master's,
and Bachelor's degrees with 62% holding graduate degrees. Sixty-nine percent
of the respondents had received degrees in the last ten years. Most worked
in research and development; about 20% were in production; and a few worked
in planning or marketing. Almost half the class had less than one year's ex-
perience in lithography (or were not employed in the field.)

Overall, the group appears to consist of well-educated, successful
workers involved in technical R&D activities, but without a great deal o:
experience in lithography.

bJ

2. Goals and Applications

Seventy-seven percent of the students reported that they took the course
to update their technical knowledge and most were satisfied that the course
met this goal. (39% reported it did so ''very well'.) Fifty-seven percent
checked ''knowledge of fundamentals'' as their goal and were somewhat less satis-
fied with the course results (only 20% stated that it satisfied this goal '‘very




well'".) It was surprising to.find that almost half of the respondents
with more than 5 years in *he field cited knowledge of fundamentals as
their goal (see AP<A, p.13i) Forty-eight percent of the group took the
course to gain a perspective for decision-making and most were satisfied
that the course helped in this regard. Meeting others in the field
and finding out what they're doing was a goal of 30% of the group, and,
despite the short length of t#fe course, most of these reported they
attained this goal ''somewhat'.

When asked to predict immediate and long-term applications of the
course topics, about one-third of the class stated that they found infor-
mation that they <ould use immediately in Deep- U-V, SAMPLE, or compatible
Processes. Over hulf of the group stated that the material on E-Beam and
X-Ray would affect their work in the future. (Note: these processes have
not yet been fully developed for most industrial applications.) A list of

the topics students found useful and ways ‘they plan to apply them is in-
cluded in Appendix B, p. 6.

Most respondents expected to report information about the course to
their supervisors and/or colleagues. Since only 30% mentioned that their
supervisor suggested they attend the course, it may be that these will be
informal reports. Thirty percent of the students said that the course
topic reflected a major research area in their companies. This figure may
reflect the importance of the topics and the effectiveness of the course in
meeting engineers' needs. Also, 30% said they planned to take further
courses in the field and 39% expected to do research individually on topics
of concern to thenm.

These results suggest that individuals' goals were achieved reasonably
well and that most students expect to make use of the material presented.

3. Companv Involvement

One-third of the respondents mentioned that their companies or super-
visors initiated their decisions to attend the course. A similar number
mentioned that their companies strongly encourage attending such courses,
or that attendance might increase their possibilities for promotion or a
raise. Since all of the students' fees for the course were paid by their
companies, industry is obviously amenable to engineers' participation in
this tvpe of short course. The fact that 70% of the participants requested
their companies' backing in taking the courcz does suggest, however, that
the taking of such courses is regarded as a matter of individual initiative
rather than a deliberately encouraged company policy.

-As mentioned above, participants expected to pass on material presented
in the course to their cclleagues and supervisors. Some stated that they
would encourage their companies to do further research on these topics. Thus,
the topics appear to be important and relevant to company interests.

:In general, students in this course seemed to be a highly motivated,
self-selected group of professionals.



Comments: The sample of students replying to this questionnaire may re-
flect an age bias. Of the 90 students returning the questionnaire, 39
said that they had less than 2 y=ars' experience in lithography.

Perhaps younger and newer es are more willing to take the
time to complete a detailed quektionnalire than are older managers. It
ma te that recent employees.are more gpt to attend courses, or that they
1nterprpgcd the title, "Fundamentals of High-Resolution Lithography' to -

indicate that the course covered more fundamental matters than it actually
did.

Another sampling bias may be that the people who answer question-

naires may be more favorably disposed .toward the course than those who do
not.

4. Comparative .Evaluatior. of the Course

Eighty percent of the respondents found the pace of the course ahout -
right. With one exception, those who found it too fast had less than &
years' experience in the field. Most of those who found it too slow had
more than 5 vears' experience. The course was rated positively in com-
parison with other professional and commercial short courses attended by
participants. A majority of those replying descrited this course as
superior to others. However, this question was answered by only 35 people
while the number of responses for all other questions ranged from 67 to
89. Since only 12% of the group had taken this course before, it may be
that the majority of students had taken no other courses in 11thography on
which they could base a comparison.

5. Student Suggestions for Improving Course

Students were asked tu give one suggestion for improving the course -
and about half of the respondents complied. Most frequently mentioned areas
were improve course materials (17), emphasize more basics (11), and provide
more practical information (6). (See Appendix A, page.for a list of these
suggestions). ®

Sumaryv

This course attracted a fa.rly diverse group of engineers-in regards
to background and experience in lithography. About half the group had
little or no experience in the field while others had swent many years in
lithography (long enough to be considered pioneers.) More than half of the
class had earned-graduate degrees and most held respoi:sible positions in
R&D. The average student was fairly well satisfied with the course and
found one or two ideas that they could apply to their work immediately.

Interview with Facultyv Coordinator

The faculty coordinator was inte:. ..»d before he was given the re-
sults of the course questionnaire. He :.':: :sled to predict how the group

9




( February 23, 1979)%
1. What is your job title?

3 Rescarch staff

Engineers:

3 Unspecified
Field E.
Process
Davelopment
Masking
Project E.
Product E.
Photoresist
Associate E,
Software Analyst
Electrical E.

—pt N et g b= D &~ OO

Other:
l S;iecialist
1 Vacuum Zech.
1 LSI circuit design
1l -Layout designer

1 Physicist
1 Chemist

Manajers: .

3 Unspecitied

i QA enginvering

1 Tech. development

1 Tgch. liaison

1 Digiral systews .

! Applied Enginecring
2 Mask making

1 C

1 FPROM development

2 Research director
Genera. Manager, CA office

Sales engineer
Salesman

who zave 8 certain response,

4

C -i-p.1

SUMMARY OF STUDENT EVALUATIONS OF FUNDAMENTALS OF HIGH-RESOLUTION LITHOGRAPHY.

19”Technical staff or technician

1 vesign and prccess d=velopment

Vice-Presideut. Marketing director

o Pt put s

Pt gt Put put Pt

EBS engineering

IC process engineering
Operations head e
Microlithogr:phy and process
labs

Microprocess photomasking
Engineering manager

MOS design

CAD manager

Technical director

* Perceuntages represent the fraction of participants responding to each question
For example, 33% Ph.D. means that 33% of the
participants who responded to Item 2 gave Ph.D. as their highest degree.
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2. Highest academic degree?”

33% Ph.D.
29% M.L./ M.A.
37% B.S./B.A./A.A.

3. Year received? (69% of respondents had received degrees in the last
10 years.) . v '

Frequency Distribution--72 respondents
1976 77-75 74-72 71-69 68-66 65-63 62-60 59-57 41
8 14 16 11 10 4 "5 3 1

4. What peccentage of your time is spent in:
managerial duties? 4
technical duties? '

37.individuals (42% of respondents) were full-time technicians (that is
spent 902 or more of their time in technical duties.)

2 individuals (2% of respondents) were full-time managers (spent 102 or
less of their time in technical duties.)

% Respondents averaged 71% of their time in technical duties. fhree people were
= 1in marketing.

5. Do you work primarily in:

o~
0

{mn

72 80X Rs&D
18 212 Production
6 9% Capital Equipment planning or marketing

6. How long have you been in lithography?

27 1 year or less
3% 2-5 years
32% more than 5 years

182 * not in lithcgraphy

Frequency distribution--79 respondents

N 9. -2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 .28
14 25 7 ° 10 6 9 2 2 3 1
7. What were your goals in taking How well weve they achieved?
this course? , ‘ Numbe; 5 u - .
responde not at a somewha very we
57% knowledge of fundamentals 44 5 684 71 204
77% updating technical information 64 - 56 52 39
48% perspective for decision-making 32 - 63 6z 31
30% meet others in the field and find 22 - 77 23

out what they're doing

" *Figures in this column represent responses
checked between somewhat & very well.

- 10;




Breakdown of Goals By Number of Years in Lithography

5 Years More than

or Less 5 Years
Knowledge of fundamentals 602 482
] _ ™
Updating technical information 662 ’ 882
Perspectives for decision-making 43% 562
Meet others in the field 252 40%

8. How did you hear about this course?

(Frequency distribution--85 respondents)

News Prof. Society Company ‘
Brochure Release Newsletter Newsletter Colleague Other
p
68 3 4 1 17 2
9. How well did the pace of the course suit you? ™
80% About vight
13X Fast or top fast.
7% Too slow
Did you find anything in Did you find anything in
the course that you ‘can the course that will affect
J use immediately? 1If so, your work in the long term
' in what areas? If so, -vhat? '
Deep U-V 322 38z
Sample 382 362
E-Beam and X-Ray 15% 562
Compatible Process 35% 36%

74X of the respondents to this question mentioned at least one topic for

immediate use; 792 mentioned at least one topic for long term use.
(See appendix ior list)

10. Have you taken this course before? yes 122 no 882
' 1

11. How does this cource compare with other engineering short-courses you have’

taken? (in usefulness, content, interest)

This question zot a poor response (402 of all persons returning questionnaires).
57% of the respondents rated this course as superior to others they had taken;

43% found it about the same; no ne gative responses were given.

102
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12. Who initiated your decision to attend this course?

you 732 supervisor's suggestion 302 selected by company 3%
. (Note: some students checked more than one alternative)

13. How is your attendance supported/recognized by your company?

¢

1002 payment of fees and expenses 24 company strongly encourages attendance

49% released time ‘ Y 62 attending courses increases possibility
of promotions/raises

14. Will you report the information gained in this course to your company
collegues? 8321 your supervisor? 75%
’
15. Do you intend to seek further instruction or do individual or company
research on the topics in this course? /}

30 major company research area
30% plan to take future coufses
39% will do research on my own
_=_ am not sure
. I
16. Are you interested in taking courses in: process-modeling 41, e-beam 33,

other _ , STudents mentioned the following courses:

Basic processing concepts
Overview of process
Semi-conductor
Critical measurements
" X-Ray, resist , LA \
LSI design .
Photolithography
Sputtering
Dry processing
Deep U-V

(842 of students returning questionnaires answered this question)

17. What one suggestion do you have for improving this course?
(Responses are coded by area. Numbers {r parentheses ace the number of persons

giving each suggestion. 43 students --48% of the respondeuts--answered this
quéstion.) i

Facilities .(6)

1 Non-smoking area
Uncomfortable seating
More food
Bad lunch
i Crowding

N p—e =

Lecture notes (17) . : _ ‘ 103
Most commented that notes were out of order.
l More detailed diagrams
1 Complete bibliography
3 Suggested a pre-course handout
1 Desired copies of all diagrams presented

J R




Suggestions for Improving Course (cont'd)

Logistics (2) -

\

l-Better timing
1 Have monitor speaker in A.M.

" Length (1) (

More

More

1 Two-day“ course would be more practical

basics (11)
Assume less advanced knowledge

Present more basics/ a basic understanding/ basic principles
More detail, basic theory

Include basic optical theory of projegfion
Offer an intermediate level course (this one was too advanced)

practical information (6) *-
2 Less theory ’

3 More practical matertal

1 More production information

Other (5)

18.

1 Add an introduction to each talk (an overview) and have a slower p=ce
2 Cover less material

1 Better organization of material : . -4

1 [mprove presenters' styles

\

~

The ng Evaluation Project Team is planning to conduct follow-up interviews
with engineé&s who have taken short-courses. If you are willing to participate

in a brief <interview to be scheduled at your convenience, please fill in your
name and phone numher below:

N = 10 prefer personal interview at my company . : :
N = 25 prefer telephone interview
do not wish to participate

I do 582 do not 42% "wish the information I give to be released to my
company.
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Descriptions of most valuable topits and "how they will be used (262 of thé
group answered this question) . ' '

Code Numbers: .

- - e

3 Elegant method for monitoring completica of resist developﬁenc
by use of double exporsures., Also, interesting future . )
posaibilitieu with Sanplc--not ready for it at this time. \ 1

4 I found the talk on E-Beam & X-Ray quite ingeresting. I will ./ .
study the handout 1nforuation in more detail and use this I
information in evaluating 1ncon1ng E-Beam-generated masks.

¢ . :
s Deep U-V: Photoresist development, endpoint control ' ”
' 7 ‘Sample--immediate use of ‘program

Deep UV and E-Beam & X-Ray-~project planning

10 Sample most likeily will be utilized for device deaign and
B masking criteria.

17 Sample--to model projection printer images N |
| E-Beam & X-Ray--muking decision for optimum buy date _

Compatible process--clues of problems

26 Deep UV-- introduction to the topic, renewer interest applicable

tu future work ' ’
~§aople-- appreciate avareness of the information, but the topic

is too large for such short presentation’
E-Beam & X-Rwy-- not immediately applicable to my work. Useful.
information for néxt generation of devices. :
Compatible process--most interesting of the presentations. I 7
would have enjoyed more in-depth presentation.

30 Deep UV & E-Beam-- VLSI size decrease
Sample--Design for fine lines for VLSI
‘Compatible process--current process design and development . '

: H
31 Radiation damage, lift-off techniques, computer program
32 E-Beam & X-Ray-- better uncerstanding df’mask generacion ‘
Compatible process--set up and evaluation of plasma etch processes
35 Sample--development determination technique, program for process
model '

Compatfble process--pattern transfer technique study

41 E-Beam & X-Ray--alignment strategy, architecture,
A Might use deep U7 techniques. in processing
P . .
47 The information presented will be used as reference material
for future R&D worlt in the area of microwave semiconductor
devices. '

o " 105
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- 66

-

Most valuable Topics in Course (cont'd) , .
. E-Bkam & x~Rsy~~possib1e approaches to improving some of our

lithographic techniques

52 E-Beam & X-Ray--positivé’ sesist

57 Sample--optimization of projection printing .
E-Beam & X-Rdy--:some considerations in E-Beam, selection of
equipment
Compatible process--selection of etcfiing processes

58 I found the talk on cogibatible processes to be, very useful.
Will use some of the techniques in naking ‘out microwave IC's.

61 Compatible process--effects on plasua processing
Deep .UV-- presented best data. d some usable ideas '
E-Beam and Compatible process talks rehashed data in literacute
and were preftty, nuch a vaste of time. s

31 Discussion. of practical problems and relationship to theory
in optical 1nsgery, photresist and etch (plasme) processing.

83 References for conEinue\reading )
E-Beam & X-Ray--possible uses in mask msking ,
Compatible process--reactive sputtering looks interesting

90 Deep UV and E-Beam~-spp‘ications to\proximity alignment
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EVALUATION REPORT ON THE COMPOSITE MATERIALS COMPUTATION WORKSHOP: A
PRACTICAL GUIDE TO DESIGN AND TESTING OFFERED 2Y UNIVERSITY EXTENSION,
UNIVERSITY OF CALIFORNIA, BERKELEY, March 26-30, 1979. $(Course Co-

ordinator: Dr. Stephen W. Tsgi, U.S. Airforce Materials 'Lab., Wright-
Patterson Air Force Base, Ohio.) '

, Evaluators: -Martha Maxwell, Ph.D.
! " N.S.F. Project Director

J
Carolin Showers, M.S.
Research Assistant

The Composite Materials Computation Workshop is Intended to provide usersJQZA
producers of composites with ‘the most current guide to solving problems in désign
and testing. The workshop uses lectures and drills to relate advanced methods to
everyday problem solving. Participants are expected to be totally immersed in
this five-day workshop and attend informal 2-hour evening sessions as well as the
daily presentations. - Participants are urged to bring their own programmable
pocket calculators and be familiar with their own operation. Advanced methods

in design and testing are given on charts or formulae so they can be rdadily
programmed on calculators and pre-programmed master cards of equations are avail-
able for reproduction. The workshop topics include stress-strain relations for
unidirectional composites, calculating stresses in laminated composites, changes
. due to fluid absorption, mathematical modeling of curing and swelling, fatigue,
fundaméntals of testing and evaluation, and latest methods in micromechanics.

The course coordinator is assisted by three speakers and several lab. assistants.

This.evaluation is based on the re:gonses of 35 participants who returned
follow-up questionnaires sent two months after the course ended and on phone
interviews with four participants. Since only 54% of the 65 people who enrolled
in the workshop- returned questionpaires, the responses analyzed may not be repre-
sentative of the total class and the results should be interpreted with caution.

Student Characteristics. :The people who enrolled in this course were diverse in
background.” Practical experience with composites, and in the type of composite
material their work involves. Nine held bachelor's degrees, 16 held master's

. degrees, 5 were Ph.D.'s and one had two years of college. Seventy-nine percent
had worked in composite materials less than five, years, and 41% were new to the

- field with less than one year's experience. Most worked in research and de-
velopment and spent most of their time in technical duties. Their work involves
a wide range of products from tires to teeth to reentry vehicles. In 60% of the
cases, the participant enr?lled in the course on his own Volition; 40% took the
-Course at their supervisor's suggestion or were selected by their company.

]

N

This project was funded by. the National Science Foundation under
Grant * SED-78-22138. THe opinions, finding, conclusions, ahd recom-
mnendations exprossed are those of the authors, and do not necessarily
reflect those of theWNational Science Foundation.

10%
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Evaluation Report on Composite Materials Computation Workshop

Student Evaluations of the Course. On the average, students rated this course
as better than others they had taken. 14% of the group rated it as the best

thev had taken. No one rated it less satisfactory than other courses. 26% had
taken no other course in this field.

Most participants took the course to improve their ¥nowiedge of fundamentals
and job skills, and to update their knowledge. .\ smaller percentage checked
"meeting others' and gaining 'perspectives for decision-making" as goals. T[hose
whose goals were gaining aperspective for decision-making, ting information,
and meeting others were quite sa*isfied with the course, but thase who expected
to learn fundamentals and to improve their job skills felt the course did not

succeed as weil. Thirty-four percent >f the students said the course did not
help them learn fundamentals at all.

The majority held that there was too little emphasis _on applications (37%),

a higher percentag: than is typical in the other engineering extension courses
we have evaluated.

Most students rated the instructors' emphas!S on fundamentals and on current
research as "about right." However, between 14 and 20% of the group stated that
there was too little emphasis on these areas.

The average respondent rated the pace, length, and difficulty of the course
as 2bout right, however, 11% felt the course was too short. Since the course
lasted S days, including informal evening workshops, this suggests that students,
once introduced ¢o a subject through a brief extension course, may become in-
terested in a more formal, semester-length course or it may show that some

students were less prepared for the course and need more individuali:zed assist-
ance than others.

The teaching methods used by the instructors were judged as ''good' by the
average student with 31° rating them as '"excellent."

Half of the respondents indicate that they had used some of the techniques
or ideas from the course in their work within two months after completing the
course, Eighty-two percent feel that what they gained from the course will be
useful to Tﬁem in the future. The ideas/techniques that they have been able to
use and those that they consider most valuable range widely across the workshop
topics...some gained very specific infogmation, others felt they developed a
broader perspective. Those topics they considered least useful dealt mostly
with the more theoretical presentations.

Eighty-nine percent of the respondents made suggestions for improving the
course. These were about evenly divided between suggestions for making the
course more applied (i.e., more time on testing methods, make sure all programs
are covered and that application problems are given, etc.), materials (provide
texts on micromechanics, better handout materials, handouts on all viewgraphs,
etc.), .and organization and methods (too many subjects touched on in too short
a time; stick to a generally accepted notation and standardize among instructors,
breakdown the course into beg%nning and advanced sections, etc.).

103 S
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Evaluation Report on Composite Materials Computation Wbrkshoﬁ

Summary and Recommendations. In general, students appeared to be well satisfied
with this workshop and most found something of value to them. Hovever, there
were some inconsistencies in the participants' reactions. A higher than average
percentage felt that there was not enough emphasis on applications--a curious
resuit, especially since the brochure describes the workshop as being "explicit-
ly application oriented" and states that all participants will be able to solve
numerous problems immediately after the presentation of the topics. Furthermore
students were offered informal evening workshop sessions where they could receive
individual help in applying the lecture materials by working problems. Perhaps
the-prochure led the students to expect too much from the course.

Three other factors may have contributed to the problem...the large size of
the class, the fact that students work with such a wide array of composite ma-
terials, and the fact that a high percentage were newcomers to the field. Stu-
dents complained that some of the speakers used only examples from the aerospace
industry to which they could no: relate. In evaluating other CEE courses we
have found that when there is a high percentage of inexperienced participants,
there are more complaints about instructors' emphasis on applications, particu-
larly when academic speakers are on the program. It seems that the students who
is inexperienced in the specialized field has trouble in transferring general
information to his work and needs very clear illustrations that relate directly
to his specific job. In this co rse, participants regarded Tsai's presentations
as clear, fundamental, and applicable, but many found some of the other speakers

. too theoretical, not explicit enough, and not prepared enough for their needs

(i.e., they complained about handouts, lack of copies of viewgraphs, etc.) These
speakers may have assumed that most of the students were more sophisticated and
knowledgeable in the field than they were.

Planning a workshop for students with such a wide range of backgrounds and

interests is difficult indeed. Some suggestions the course coordinator might

consider in planning future courses are:

1. Encourage speakers to prepare more complete handouts in-
cluding copies of the viewgraphs presented, and alert them
that some of the participants have very little background
in their topics.

to

Consider scheduling some concurrent sessions where par-
ticipants could choose between two sessions--i.e., one more
hasic, perhaps a review of a previous presentation or dis-
cussion of fundamentals, and one involving state-of-the
art research. )

(2]

Encourage participants to meet other participants who are
working with their particular composite materials, if
possible, so that they can share ideas and work out ap-
plications of the ideas and techniques presented in the
talks to their special needs. Students' needs and interests
could be identified at the start of the workshop or in ad-
“vance if appropriate questions were added to the enrollment
form. Also encourage the lab. assistants to identify students
with similar interests. Participants can learn much from each
other. '
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4. Reexamine the 'ourse description to determine whether it
accurately describes what students will get ‘in the course
and be able to do with the information they learn. Per-
haps it is a bit unrealistic to expect that 65 different
students from almost as many different industries, half
of whom have minimal experience with composites (and their
present jobs), will be able to solve problems immediately
and get individualized help on their problems. Since the
course is a popular one, perhaps specifying some additional
pre-requisites would help.
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would answer some of the questions and to explain some of the findings.
A sunmary of this interview is given below.

Q. Why was the course called Fundamentals of High-Resoli.tion
Lithography? ’

A. It seems that students responded to "'fundamentals' in the course
title and on the questionnaire as referring to fundamentals of
theory rather than as an introduction to lithography. On the job,
a worker will gain experience in the practicrl, applied aspects
of lithography, but may never be exposed to ihe physics theory
that underlies the various processes (e.g., electron and photon
interaction).

. Q. Would you comment on why you feel students saw E-beam and X-ray as

topics that have potential long-term as opposed to immediate use-
fulness?

A. Currently E-beam is used for mask-making on the '"original" surface
but there is a possibility that E-beam may be used in the produc-
tion process (i.e., making large numbers of copies) in the future.
X-ray may be ready for use in the production process in about two
years.

1

Q. To whom was the course aimed?

A. I aimed the course toward a class that I expected to be about 40%
new to the field. These people would be interested in a list of
references and an introductory talk on the topics. I expected
another 40% to be engineers practicing at the state of the art
level. These would be looking for a perspective on possible prob-
lem areas and for new information. Twenty-percent of the group
would have contributed to the state-of-the-art knowledge...that is,

- these are my research colleagues who.may even have written the
references cited in the . :xctures.

Q. Dolyou think that the student's formal education (i.e., number of
degrees) contributed to their interest in and understanding of
the course? :

A. No -- degrees do not matter much, since there are no academic
courses in this field that engineers routinely study.

Q. What were your goals for the course?

A. 1) Knowledge of fundamentals by which I mean background in physics
including the nature cf electron and photon interactions. About
35% of the class time was spent on fundamentals.

2) State-of-the-art knowledge -- that is, current information on
Deep UV and E-beam. About 35% of class time was spent on this.

3) Perspectives -- how to choose among alternative technologies.
About 20% of class time was spent on this objective.
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How: {o vou think that engineers taking the course might apply
t. information immediately and in the long-run?

Immediate Use Future Use
Deep U-V tricks buying new equipment
SAMPLE tool
E-Beam § X-ray understanding of insight; possibilities
fundamental theory, for production
masking
Compatible Pracess silicon gate trick

What were your expectations when you prepared materials for the course?

The handouts were designed to provide the student with bibliographi-
cal references, and with copies of the viewgraphs used in the
presentations. They were not intended to take the place of each

participant's notes or to provide a substitute for presence at the
presentation.

Do you expect the students to do further research or’ take other
courses? :

I expect that most students will do some kind of individual research.
Most likely they would‘use the list of references, look up a pub-
lication, and call the individual. Then they might propose that their
company do research. This might consist of a 6-month experiment rep-
licating the study they read in the reference, a project that could
take 10-100% of one engineer's time. I don't expect that many of the
students will take further courses in this field since the only other
relevant one is a similar course given by Stanford's Extension Program.

How would you rate this course in terms of basic to advanced; practical
to theoretical?

I'd rate the course midway on a scale from purely basic material to
purely advanced material. I assume that the students had some
practical experience and were aware of the practical problems of
lithography (as opposed to the theoretical ones.) °

I'd also rate the course midway between the purely practical and purelf
theoretical although I expect that industry might see it as emphasiz-
ing theory. While 50% of the course material dealt with theory lead-.
ing to or deduced from experimental research, this research is extreme-
lv practical in nature, based on previous empirical observations.

This is a field in which theory contributes Iittle to practice, and
thus 5 to 10 times more research in lithography is carried on in in-
dustry than is done in the University. Research is thus molded by
economic constraints, and theoretical research is not encouraged.
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Q. How did you go arout planning the course?

A. First, I started with my own ideas, shared them with my university
colleagues, and then tried them out on people in industry for whom
I act as a consultant. Finally I considered which speakers might
be available. Thus, my impressions from professionals in industry
about their needs contributed to my planning the course.

In selegting topics and emphasis, I asked; 1) What is of current
interest, especially what are the new developments? 2) How can I
make the course complete by adding Deep UV as well as E-beam an®
X-ray? 3) Which speakers were available, including people from the
university so there could be university involvement? I selected one
speaker from U.C. to cover the current-interest topics (Deep UV;
compatible process); for coverage on E-beam; and to announce the UC
computer program). Since more research goes on outside the univer-
sity, it was important to get good speakers from industry.

Q. What instructions did you give speakers?

A. Each was given the 3 goals for the course, a brcchure from a previous
couise, and an idea of the audience (i.e., 50% new, 50% experienced).
Ea<h was told to include everything they would say on a viewgraph so
that all the information appears in writing.

Q. What have you learned about teaching this kind of course?

A. How to organize, that is, aim for a smooth presentation, break up
the talks by subject matter, and use coffee breaks as dividers.
~ low to prepare materials -- everything must be in writing.

Q. How is teaching an Extension course different from usual university
teaching?

A. Preparation time is an order of magnitude longer because everything
must be organized and in writing. The pace is faster because
students are getting a one-shot deal and there are no rhetorical
pauses for questions. The large size of the class also requires
‘extra preparation.

Q. What special tvr's of problems do you encounter in a course like
this? ‘ : . :

A. The wide range of background of the students is a problem.
~

Also how many questions to allow -- that i:, allow clarification questions
now, but postpone discussion questiors :ntii later. Questions may extend a
talk for 20 minutes or more. Industrial speakers often feel that they can't
talk abour their work because it is a company secret. One must seek out open
speakers and find researchers who are good speakers and vice versa. The class
organization also has to be carefully monitored bécause 100 people have a
tremendous amount of momentum so that a lunch that is 15 minutes late can be

a disaster.

7
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Comments: The Faculty Coordinator appears to have a good grasp of the
range of knowledge and abilities of the students who took the course.
However, in choosing to plan the course at a middle level (between basic
and advanced and between applied and theoretical), he set up a situation

that was frustrating to many of the participants who expected a more
introductory class.

Recognizing the difficulties of planning anrd teaching a specialized N
course for engineers with such diverse experience (from the novice to the ™~
very experienced professional), the following recommendations are suggested

as ways to improve the effectiveness of the course and student satisfaction
without altering the basic course content.

1. Recommendations. Consider changing the title of the course to something
other than "Fundamentals of HRL'".. The most dissatisfied students complained
that ihe course did not give them the fundamentals they expected while satis-
fied students were pleased that the course gave them a good overview of the
field today. These latter students were more experienced, had taken more
courses in the {ield and/or were working in areas peripheral to lithography
and attended the course to improve their general knowledge. If "Overview of
HKL" is not acceptable, why not just call it "HRL'?

2. Course Description. The course brochw. .. ct.ui' describe explicitly what

the instructors expect that students shoul. .'.s ;:. order to benefit from
the course and the level at which the cour . .- ~. ht., Listing a reference
or two in the brochure that students cou’i .al » - e taking the course
would be very helpful for some students. ‘.- - i :- ,»t read the refer- .
ences before the course, but might be :< - = =z ::t  s>cm afterwards.)
Although specifying the prerequi wi.. =ors o cariv a7 u. ¢ hably not dis-
courage newcomers to the field fre. * <o v oor ¢ ' -d reduce the -~
number and intensity of the complain® -7 ::a, - . “v.: riiy ad been misled
by the course title and descriptior..
3. Course Materials. Another frequen- = ¢ - ¢ ~wp'r.:. . . erned the
course maw:‘als. Eich and every on> . - 4 ueency oo ooviewed 3-4
months arte. ‘aking the course said *h : % . -3¢ .visi -0..1d be more

. useful to them. Only two of those ire. - .~ . '’ u:zod th- aterials as
the instrucror hoped -- i» iocate refc-er..- ': . .. . .1 even they
complained that although the bibliograp:y wa: ~:.. i, .- notes and view-
graphs should be morz complete. uJthers four« *:: . ‘. useless -- that is,
when thev tried :> use them to review severa! . -: - ".ter,. they couldn't

remember encugh of the course to understand them. Nor were they able to
share the notes effectively with others in their company. Even the authors
of state-of-the art research books and papers discussed in the course and
those who had taken this course before complained about the notes and sug--

gested that the instructors provide ''stand-alone' notes. Other suggestions
were:

1) The notes should be a more complete outline of the
lectures with the key temms and concepts given.

2) The view graphs should be identified more clearly
with better labels and some explanatory text.

11
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3) Pages should be numbered and the graphs and other aids
should conform to the sequence of the presentations.

4) Taping the talks would help those who needed review to
understand and remember the mass of information covered ‘.
’§n the course.

Tapes could be sold to the participants.

[f the goal of the course is to help participants update their knowl-
edge and apply state-of-the-art concepts to their work, then providing good
notes seems essential -- particularly if the participants are expected to
share the information with others (or even convince their supervisors that
they learned someth.ng from the course.)

4. Extend}ggﬁthe Course (or adding more specialized courses.) Almost half
of the participants indicated they were interested in taking a course in
process modeling and several suggested that the course be extended to two
days (with the second day optional) for a process-modeling workshop. An ex-
tended course might be tried experimentally to see whether participants are
willing to attend a longer course. Others want more specialized courses on
some of the topics covered in this course. (i.e., X-ray) Taking this course
seemed to whet the stwdents' appetites for learning and although they com-
plained about some of its aspects, and felt that much of what ‘was said was
over their heads, most planned to take additional courses in the field.

5. Longer Coffee Breaks. One of the aspects of a short-course that is
important to many participants is the opportunity ta meet others in their "
field and discuss what they're doing, therefore increasing the coffee breaks
by 5 minutes would enhance this opportunity and increase the value of the
course for these students.* Also it would offer more opportunity for a few °
more participants to ask questions of the instructors individually.

6. A Simple Needs Assessment. To aid the instructor in planning the courses.
(as well as being a way to help the participants feel that their interests are
being addressed), adding a short questionnaire to the class registration form
in the brochure is an inexpensive and effective way to collect this informa-
tion in advance of the course. Questions could be asked about previous courses
taken, work experience in lithography, interests and expectations for the
course, whether they knew of and/or had used SAMPLE, etc.

-

— .
It's probably difficult to get students back into a lecture in 15
minutes anyway, so planning a slightly longer break in advance would
ease the pressure on instructors whose talks otherwise might run over.
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APPENDIX .
(10101 (]

Follow-up Questionnaire - Composite Materials Workshop
N= 35

We appreciate your taking the time to answer these questions. Your vesponse will
help us improve our courses.

1. What is your present job title?

.(See p. iv) |

'

2. Your highest academic degree? 3. Year? 41-45 - 1

3 yrs. college(1); BA/BS(9); M.S.(16); I

Ph.D(3)

56-60 3

' . . 61-65 3

4. What § of your time 1s‘spent in: 66-70 4
Average 71-75 6 .

(15%] managerial duties o 76-80 9

(83%] technical duties
[ 28] sales/marketing

5. Do vou work primarily in:

% of class
(B3] R&D
(11] Production ,
(=] Planning and Decision-making
(=] Sales/Marketing
(6 ] Other (specify) (1 teaching; 1 student)

6. How long have you werked ih composite materials? 1 yr. 2-5 yrs. 6-10 11-20 21-30

N= 14 13 302 2
$= 41 38 9 6 6
7-11. What were your goals in 8. How well Qerg they achieved?
taking this course.

3 of total class not at all somewhat very well
(74] updating. technical information (4%] (52%] [14%]
[89]) knowledge of fundamentals (34] (5¢] (14]
[31] perspective for decision-making [ 6] (61] (33]
[57] meeting others in the field and |

rinding out what they're doing (=] (70] (30]
(80] improving job skills (7] (64] | (29]
Rate the course on the following:

12. pace [6%] too fast (94% about right [—] too slow

13. 1length [4] too long (85] about right [11] too short

14. difficulty (4] too hard  (89] about right (7] too easy
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16.

18.

19.
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(continued)

Have you been able to use any of the teciniques or ideas from the
course in your work? If yes, what and how?
1o )

Yes -- S51%
No or not.yet - 41%

No response - 8% . ' .
(see commonts attached p. iv)

Did you learn anything from the course that will affect your work in
the long term? ([82%] yes [128] no If yes, what and how?
6% not sure _
(see p. Vv & vi)
How would you rate the teaching methods used in this course?

$ [31] excellent [S7] good [9] fair [3] poor

What was the most valuable part of the course for you?
(see p. vi) i

What was the least useful part of the course?
(see p. vii)

How would you rate the instructors' emphasis on the following?

too much about right too little
fundamentals [431\ [81%] ~[14%]
application [-] [43%] [57%]
current research  [9%] [25%]  [204]

How did this course compare with other engineering short courses you
have taken? (in usefulness, content, interest)

%

(14] the best I have taken

[31] better than others I have taken
(29] about the same as others

[ 0] less satisfactory than others
[26] have taken no others

Who initiated your decision to attend this course?

% = [60] you [34] your supervisor [6] selected by company

.- What one suggestion-do you have for improying this course?

31 students gave suggestiori l(see p. viii)
'y
¢
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Appendix (continued)

The NSF Evaluation Project Team is planning to conduct case-studies on engineers
who have taken short-courses. I[f you are willing to participate in twc brief
interviews, to be scheduled at your convenijence, and to permit us to interview
your colleagues and supervisor, please fill in your name and phone number below:

Name

Phone No.
- ‘ - (area code)

] prefer telephone interview
] want further information -
] do not wish to partxcxpate

o

do { ] donot [ ] wish the information I nge to be released to my company.
.} Please send me a summary of the final report.

Please return this questionnaire to U.C. Extension-XT37, 2223 Fulton St.,
Berkeley, CA 94720.
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Q. 1. What is your job title?
Mechanical Engincer (2) ' . :
Research Chemist .

) , Research Engineer
Research Fellow, Tires . wr
Senior Engineer :(3)
E Technical Group Leader

Associate Dean of Engineering
Research Assistant -
Project Coordinator (Sr. Research Chemist)
Engincer

Member, Technical Staff
Aerospace Tech. (Structural Materials Engineer)

Supervisor, Equipment § Test. Unit, Laboratories
Research Analyst

Design Engincer

Re-entry Vehicle Design Engineer
Research Fellow

Consul tant

Chemist

Research Scientist

Engineer 171

_Head, Office of Engineering Mechanics
Advanced Development Engincer
Task Leader, Ceramics and Glass
Manager, R&D

Senior Project Engineer

Q. 15. Have you been able to use any of the techniques or ideas f;om the
course? If yes, how?

Stress analysis, calculation.
. Computer programs in predicting composite properties.

Use knowledge of micromechanics and fatigue life of composite to
modify the polymer research programs in selection of polymers for
testing and in design of experimental programs for composites life
prediction. ~ ‘

ERiC | 119
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Alsb, some of the ideas for testing with water
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I an beginning to usc some of the programs whicgbtcre rresented.
orptioh.
Structural design for composite parts. -

-

Calculator programs for determining laminate properties.
Basic understanding of strain cdlculhqions due to moisture effects.‘

lefcrcnt design of a component on helicopter rotor blade. Galn
understanding of rationale of composite desxgn of wing of a1rcraft

We are currently in a de%lgn phasc where a composlte material is

proposed for a structural component. 1| nceded this background to
procced with the design. :

Concepts to stress to others that combosites are not isotropic ‘materials.
. Q .
General atttitude--design of test samples: : : ot

I had been away from aerospace cbmpositc materials for 11 yrs. prior
to last year. 1 have spent 20% of my time the last year advising cur
plaster lab on applicatiens with more structural advantage. :The course
reinforces and updated my knowledge. I can now better understand com-

posite matcr1a1 documents I rcad and broaden the plastic lab appllcatlon
knouledge.

L4

Did vou lecarn anythlng in the course that will afféct your work in the |
long term?

T will e transferred to the RED of composite materials. The course
will be useful for this. '

B

The theory will heip in the design of chemcial service equipment.

Should belp in our approach to composite design.

‘Strain and stress transformations and composite technology.

Reference materials; familiarity with T-59 calculator.

Basic understahdinh of viscoclastic effect and fatigue crack propagation, -
beneTicial in current and future research.

- i . [
In design for aircraft compononts in composites; sclect materials and
composite \tructural design.-- ' ‘

I met cach of the Instructors, know how to contact thtm, and may ask
them questions in the future. 1 was greatly impressed by all of them. ’

The Tsai-Wu failure criteria in design of aircraft comp%'

- struc turcs

Moisture, creep d15cu~qxons will allow us not to worry about these
cffects as much .
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£

[ need considerable study time to apply what I've léarned.
Simple computational techniques using TI-59 calculator.
Strengthened fundamental understanding.‘

Methods for analysis of compésite laminates: to improve eff1c1eng; of
composite structureq \

Waiting for the go-ahead on some new programs. -
Teaching and research activities will be initiated this summer.

Lack of understanding of molecular origins of failure of composite
materials. Will put more research efforts in this area.

LI 4

TI-59 methods.

What was the most véluable part of the course to you?
Mechanical properties. |

Computer programs. . ° . | )
Fundamentals (3). : | h -

Dr. Tsai's part (4). The manuals and the.calculator programs for
calaulatxng laminate propertics.

Learning that we were already on the right track. g T
Dr. Springer's part.
Calculator programs,.moisture absorption, micromechpnicé in that order.
Lmnina;e properties programs.

Failure tﬁeory and application of the genéralized Hooke's Law.
Practical applications of last afternoon. |

Limited infm. on fire hazard with electrical equipment.

Ixchange of infm. with others in the field.
Dr. Hahn's.. ) “i
Tho'broad-SCOpe-cbncepts ahd state-of-thc-art\idéas.

Viscoelastic cffect, fatigué, fraéture.

Getting a perspective from knowledgeable people.

Data and reference indicates composites 5t111 must be used with extreme

12;
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Practical aspects.

~ (***Every topic seemed to appeal to someonc. The list above shows

a great deal of variety of interests. However, here and in the
interviews, the material covered by Tsai was much more popular than
that presented by the other two speakers. Tsai's talk was focused
more on fundamentals.)

What was the least useful part of the course?

Infm. on hydrothemmal properties (Hahn)

ing eqns. -

Part covered by Hahn. (3)

Parts relating to aircraft applications.

Micromechanics and theoretical models '(2) (tiahn again)

Needed to use TI-59 programs on sample problems in class time..

. [ad

Time spent on detailed use of TIS9 calculator.

Static property calculacions.

Any'concgpts not amenable to cxperimental verifications.
Description of Boeing—activities.

I racture mechanics was rushed, not given enough time.
Analysis of fatigue. (3)

’

Long theoretical devclopments that resulted ir few conclusion.

- -

Reports or. inc&nclusive test results,

Less ivory tower, more practical--work.some problems.

Laminate analysis. ' ' .
Theoretical studies and derivations, —
Everything clse besides Tsai's part, becausc they did not reduce if -

to the simplc form that he did, they did not have simplc manuals 1ike
he did, and they gave their lectures on papers rather than teaching
the material. ' . : L
. 2 ,
What one suggestion do you have for improving the coursc? R

?
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More Application

&

--Give more application data in the commercial secnse.

--lLess amphasis on theory, more on application (5)

--More emphasis on practical applications § testing--there was
almost no time devoted to testing methods.

--3c sure that all programs are covered and that application
problams are given. ‘

--Add material on manufacturing processes, limitations, .nd the
shop's effect on design.

--Spend minimum of 1 day, 2 is better, just workirg sample problems.
Materials

--Have all lecturers prepare manuals like Tsai's. Teach rather than
participate. |

--Provide texts on micromechanics, envircnmental effects, and fracture
mechanics and time-dependent properties analysis. Also improve
lecture techniques, particularly the micromechanics part.

--Suggest revicw of mechanics of materials and matrix methods before
taking course. Have complete texts available.

--Better handout materials. (3)

--All viewgraphs should be available as handouts (2).

--Prefer to have materials before attending course.

Organization and Instructional Methods

--700 many subjects werc touched on in too short a time. Cut a few
out.

--More thought siould be given to the introduction given before each
lecture on what the speaker is trying to show or prove.

--Stick to generally accepted notations and standardize among
instructors. . .

--\ step-by-step design of some component would be helpful.

--Add section on latest developments in composite materials..eg., any

’ new materials being investigated now, why, and how.
--It should be more concise.

--Break down course into two areas--advanced and basic topics-given
entirely scparately.

Information from Intcrviews.

How have you used information/ideas from the course?

--Used in a NASA project to develop and fabricate a windmill plate.
The course gave knowledge of how to calculatc laminated stress and
calculation programs to calculate surface life at high pressures.

[ haven't changed procedures but have written proposal for changes

- and submitted it to my supervisor. The use of calculators will save
us dollars by replacing use of full-sized computers. Tsai's pre-
sentation was rcally good..the best. llahn and Springer's work is
only of academic interest--I need more practical information. During
the last day -of the course, invite an engineer to present state of
the art of composites in industry. The main benefit of the course
was that I was introduced to how to do calculations of stress-strain
i composites. I never learned this in school.
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s

--Course gave me a good working knowledge of composites. FExcellent
information for future use, but our dept. hasn't much use for this.
I would like to take further courses extending this with more
applications--eg. buckling.

--Calculation of poisson's ratio using Tsai's notes. Tried to share
with colleagues but this is tough unless the group had taken
course..they're too used to homogeneous and isotropic materials.
Tsai's presentation excellent but I didn't get as much from other
people. They were more directed toward aerospace and got into
design of wing for aircraft--too specific. Fifty percent of the .
coursc was of interest to me. Claramont liotel was a good facility;
beautiful view. Course could be improved if slides on actual tests
were used and there were more discussion on significance of testing
and its pitfalls. Need more emphasis on test than special applica-
tions. T'm not surc who course was aimed at.: Wouldn't help to have
notes in advance; pcople would just follow notes, not presentation.
Half were not prepared anyway.” Tsai's presentations were dynamic
and handled well. 'Dr. Hahn was very well qualified but couldn't get
points across in front of a group. He puts people to sleep by talk-
ing in a monotone. I talked to him on the side a couple of times.
Tsai should take up 50% of program,
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~

Information in this report is based on questionnaires completed by 17
participants in the April 9-13, 1979 class, 8 follow-up questionnaires
completed by participants in the November 1978 class, interviews with
8 participants, and an interview with Rabert Mitchell, the course
coordinator.

The material in this report is based on work partially funded by the
National Science Foundation under Grant. No. SED-78-22138. Any
opinions, findings, and conclusions or recommendations, expressed in
this report are those of the author and do not necessarily reflect the
views of N.S.F. '
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What is VE?

Value engineering is a procedure to reassess the economic vi-
ability of a project previously planned or designed. If the project is
currently in its initial design stage, value engineering aims at saving
money. As an example, consider the construction of a concrete chamel
for a river bed or aqueduct. . Conventionally, one builds a frame for the
sides and pours concrete to form a vertical slab. A value engineering
approach might find it more economical to pour a horizontal slab and lift

it into the vertical position.

There is a certain methodology/approach to design/way of thinking
which is called value engineering and which consists of a specific
series of questions which one follows in assessing one's project. This
is what is taught in the week-long workshop.

Description of the Course

The Value Engineered Design and Construction course is a 40-hr.
workshop organized and taught by Mr. Robert H. Mitchell, one of 175
Certified Value Specialists (CVS's) in the United States. The Society of

- American Value Engineers (SAVE) of which Mr. Mitchell is a Regional Vice-
President, certifies CVS's and approves the training workshops that they
teach. While the Value Engineering (VE) methodology is fairly standard,
any course outline approved by SAVE may be used in the 40-hour training
session. The training may be geared to a specific discipline -- this one
focuses on design and coristruction applications-- or to more general en-
gineering problems. Participants who complete the workshop are certified
as eligible to beceme members of a Value Engineering team (described be-
low). There are man, additional requirement for CVS certification includ-
ing the stipulation .2t fifty percent of one's working hours be spent in
performing value engineering analyses. Thus most participants in this
course will continue to gain experience in VE by working on VE teams, but
will not go on to receive CVS ccrtification.

The client of a design or construction firm may require that a VE
study be done in addition to conventional design procedures. The VE
analysis is a separate budgetary item and may be subcontracted to a VE
consulting firm. The team leader for the VE study must be a CVS so if the
study is not subcontracted, the firm usually has to hire a CVS leader.

The leader may require the remaining four to six members of the team
to complete a 40-hour VE training program. Members are usually selected
by discipline (that is, mechanical engineer, electrical engineer, architect).
Sometimes the client requests that the team exclude anyone who has previ-
ously worked on the design project.

Private firms that operate on a profit-loss basis have typically been
most interested in the cost-saving and efficiency results of VE. However,

- government agencies are showing increased interest in VE, and some agencies
require that a VE analysis be done on larger construction grants. (Note:

12;




The fedéral government's iricreased concern with VE may be reflected in
a difference between the November '78 and April '79 classes-- only one
participant in the November class identified himself as working for the
government while 47% of the April class reported that they worked for a
governmental agency.) : »

Course Goals. The goals of this course are twofold: 1) to train
engineers in value engineering and 2) to enable companies to 'save money.
The payback to the client of a VE study is usually much greater than the
cost of the study and of training the team members. a

“ According to the instructor, students who take the course benefit
by gaining an increased potential for satisfying clients, a chance to
establish personally a new profit-earning center within their companies
and increase their success, prestige, and opportunities for promotions.
The company gains similar benefits: new profit centers, new ways of
thinking for employees so that they do a better job, higher work satis-
faction among employees, and more clients.

Methods and Instructors

- Mitchell uses the Learn, See, and Do method of instructjon-- that
is, lectures, films, and teamwork. Students learn by doing-- that is,
“through. participating in a workshop project that they may brisng in,them-

selves or a ''real-life" project that is assigned by the instructors.
Team study is emphasized and teams are organized on the first day of the
class to build student interest. Also, Mitchell intersperses lectures
with team sessions so that students can apply the ideas they have just
heard and absorb the new material better.

Mitchell divides the VE system (and the course) into five phases:
1) information, 2) speculation, 3) analysis, 4) development and S) pre-
sentation and follow-on. "The class participants role-play different
specialists (architect, contractor, construction engineer, etc.) as the
teams work through each phase. Mitchell uses only Certified Value Spe-
cialists as instructors ana tries to be personally involved in at least
two workshops per year to observe the quality of the instruction. He
often lends course materials to other CVS instructors.

Students and Their Problems. A week prior to the start of the
course, students are sent the text and a list of r¢lpted publications.
Mitchell states that they tend to arrive at the TOurse somewhat emotion-
ally upset and apprehensive because value engineering methods call into
question conventional design procedures. Most students are practicing
engineers or other professionals, but a few are supervisors. Most higher
level employees, that is, managers or executives, attend .four--to eight-
hour VE seminars that introduce them to the concept of VE but do not' cer-
tify them to become a member of a team.




Some students come on their own initiative; others are preparing
to work on a VE team for which they have already been chosen.

Mr. Mitchell states that the course may cause problems for students
because it requires them to change their fundamental beliefs. In per-
forming a VE study,. conventional designs may be questioned or discarded
and clients' critera and requirements for a project may be challenged.
Students learn that twenty percent of one's design efforts account for
80% of the cost. This means that they must continually be open to new
knowledge and must accept the idea that they must always be reeducating
themselves. Also, they - . learn to ask questions, both within the work-
shop and on their jobs, even when it means doubting the conclusions of
, their supervisors. -

Methods o

Questionnaires were administered to the 17 students who took the
April '79 course during the last day of class. Also 8 out of the 11
participants in the November 1978 class returned follow-up questionnaires
mailed to them five months after the course ended. J3even students (6
from the '79 group and one from the '78 group) were interviewed by phone
three to six months after they had completed the course.

RESULTS

Student Evaluations of the Co&rse

Students gave the VE course positive ratings in comparison with other
engineering short courses they had taken. Only one respondent said that
he felt that it was less satisfactory than other courses. The '79 class
was somewhat more positive about the course than were students in the '78
group.

Q. How did this course compcre with other engineering short courses you.
have taken? (in usefulness, content, interest)

'78 '79

13% 11% the best I have taken

38 53 better than others I have taken
38 24 about the same as others

13 0 less satisfactory than others

0 18 have taken no others

Most of the students from each class cited ''learning methods for
economic evalrat.ons" and "reducing design and construction costs'' as
their goals i.. taking the course and indicated that they were ''very well"
achieved. Some checked ''receiving a certificate of participation' and
some checked "finding specific design alternatives''-- a goal the group

123




C.3 pP.5

felt was only '"'somewhat'' achieved. Responses to this latter item seemed
to be influenced by whether the student's project had been selected. for
team-discussion. That is, 8 of the participants in the '79 class brought .
projects, but only 4 were used in the workshop. Those peeple whose pro-

jects were chosen felt the course served them very well; those whose pro-

jects were not selected were less satisfied.

Q. What were your goals in

L

taking this course?

How well were they achieved?

somewhat very well

# responses not at all
78 9 178 79 178 !79 !78 79
4 10 finding specific design 0 20% 100% S0% 0 30%
alternatives -
6 15 learning methods for - . .
economic evaluations 0 0 28 20 79 . 80
7 16 reducing design or con-
struction costs 14 0 43 31 57 69
4 13 getting a certificate '
of participation 20 15 40 1S 20 70

Participants gave high ratings to both the team workshops and lectures
although more students in the '79 class judged the lectures to be excéllent
than did those in the '78 class. On the average, both groups rated the films
as ''good"” although several students complained that they were out-of-date.

Q. How effective were the various forms of instruction?

poor fair good excellent

'78 '79 '8 '79 '78 '79 '78 '79

team workshops - - 12§  18% 38% 290% S0%  S3%
films - - 12 18 63 59 25 24
lectures - - 12.5 6 63 44 12.5 50

The 1978 class rated the instructors' emphasis on fundamentals, appli-
cation, theory, and current research as about right although several students
felt that there was too little emphasis placed on current research.
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‘ Q. How would you rate the instructors' emphasis on the following?*

too much abou; right too little
e 178 178
fundamentals 12% 88% 0
application 0 88 12
theory 0 100 : 0 N
current research .0 63 37

*This question was not included in the questionnaire given to the
'79 class. . 4

Sumary. -The students surveyed in these VE courses were more satis-
fied with the course and gave it higher ratings than did students in the
9 other CEE courses we evaluated. “Even those who felt the course content
was '"basic common sense' considered the class experience was worthwhile
(with one exception.)

The Satisfied vs The Dissatisfied Customer-- Examples

Data from interviews with two of the students with similar backgrounds,
but diametrically opposed attitudes about the course, provide interesting
insights into some of the factors affecting students' acceptance of the
course. Both students completed their bachelor's degree almost 30 years ago;
one designs steam plants, the other designs sewage disposal plants. Neither
are govermment employees. Both stated that they had always used VE princi-
les informally in their work, although they were not familiar with VE termi-
nology and methods until they took the -ourse. The satisfied student's
project was selected for the team workshop; the dissatisfied student did not
bring a project, however, other factors may account for their attitudes to-
ward the course. The dissatisfied student did concede that the course could
be beneficial for others, but not for him.

Case A.

A structural engineer with 28 years experience in construction rated
the course as the best he has taken. Although he had not previously studied
VE, he has taken a great many UC, CEE courses on other topics. le felt that
the VE course met his goals of learning methods for economic evaluation,
and reducing construstion costs very well and was somewhat satisfied in learn-
ing how to find design alternatives. He described the instructors as excel-
lent, interestino, and very knowledgeable, thought the lectures and team
approach were excellent, and the films good.

He said that he was familiar with the principles underlying VE and had
always used VE informally-- though not according to this method, but felt



the course was very worthwhile. As a result of taking the course he has
changed his approach tq design-- becoming more analytic, using more brain-
storming, and considering more options in a design. His project was dis-
cussed in the workshop and he feels he profited from this .. although ‘his, -
recommendations were too late to be incorporated in the design of the
plant. :

He liked the “=ngth of the course and its focus on real-world prob-
lems especially since '‘you got involved in the problem and stuck with it
for a week." ' :

He felt the course gave him a tool to use plus a reference, based on
an accepted system, to support the conclusions he would make in terms of
any project. He added that he felt the course would benefit managers as
well as the practicing engineers who took it. His one criticism was that
‘he thought the instructors should stress the difference between the points
that are to be used as givens with little or no change vs. those that are
suggested, but where variations are optional.

V'

Case B.

The student who was most negative about the course rated it as less
satisfactory than others he had taken, felt his goal of reducing design
or construction costs was met not at all, and recommended that his company
not send other engineers to this course. A senior engineer with 29 years
of experience, he said that he had no specific knuwledge of VE methods be-
fore taking the course, but found that he and the others in his company

.were :routinely using VE methods in their work. In designing a project,
he and his colleagues ,eavch for cheaper ways to do things according to
functionn. So he felt no need to change as a result of taking the course.
He does not need 4 VE certificate and is not working on projects that re-
quire VE analysis per se. He did concede that the course woyld be of
great benefit to practicing ergineers who did not stress these ideas in
their work and suggested that it would be good to give a similar course
for process designers and show them how VE can affect ~ process in which
you are working with a given piece of equipment rathe. than designing the
«ize of a window. He felt that the course instructors ranged from ex-
cellert to good and knew what they were talking about in terms of content.
He rated the team workshops as good, and other aspects of the cuurse as
fair. '

’

Expected Apvlications and Impact of Course on Job

The majority of the students in each class had applied or planned to
apply VE principles to their job duties and half of the '78 group had en-
couraged their colleagues to take training and their companies to apply VE
to all of their projects. :




As a result of taking this course; I (plan to) or (have):

'78 '79

133 24%  taken additional training in V.E.

50 24 encouraged my colleagues to take VE training
30 f41 ,«encouraged'by company to apply VE to all of
’ : their projects

63 88 applied VE principles to my job duties

Of the five workshop phases-- information, speculation, analysis,
development, and presentation, most students checked analysis as the one
that was most immediately useful. However, the majority of the students

'in both classes indicated that they could use all of the phases immediately
(or had used them). Development and presentation were most often cited as
being useful in the future. Two persons saw the phases only as useful to
them in the fdture.

Which topics (will bej or (have been) most useful to you in your work
either immediately or in the long-term?

0f im-~ediate use Will use in future

L S S W
Information 100% 768 43 35
Speculation 86 56 45 29
Analysis C 100 88 43 24
Development 57 71 86 41
Presentation S1 59 86 ‘ 53

(Briefly described the ideas and techniques you found most valuable and how
you used. them.)

The seven engineers who were interviewed three months after complet-
ing the course were using VE principles in a varietly of projects. Even
those who had not been able to convince their companies to adopt VE formal-
ly said that the ideas gained from the course helped them in their own work
(indeed some said it changed their lives.) (See Appendix for summaries of
these responses.)

Suggestions for Improving the Course

Ten students gave suggestions for improving the course:
projects (getting more information about how
projects were selected and what to bring in, etc.) --

4 responses.
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films (need updating) 2 respohses

more emphasis on economic analysis (life cycle costing, etc.)

2 responses.

other (see Appendix)- 2 responses.

Campany Support for the Conrse

Students in the "8 class were more often chosen by their sSupervisors
or companies to attend the course than were those in the '79 class where
the majority came on their own initiative. .

Q. Who initiated your decision to attend this course?

'78 '79.
I did 13% 53%
Supervisor 49 35
Selected by Co. 38 24

(some students checked more than one alternétive)

Companies paid full or partial course expenses for all the students
surveyed. Although the course coordinator indicated that VE training would
improve possibilities for promotion, only one person checked this alter-
native. Perhaps studencs are not yet aware of this potential, or are re-
luctant to check this response (i.e., it may suggest unseemlw ambition.)

Q. How does your company support/recognize attendance at courses like

this one?
s 179
25% - company strongly encourages attendance
88 94% - <ompany peys fees and expenses
50 24  company grants released time (time off)
0 6 course attendance increases possibility of
promotion-raises/
0 0 no particular encouragement

- 6 other (specify) Co. pays part of costs.
(some students checked more than one alternative)

None of the participants said they were required to have VE certifi-
cation to hold their present positions, but four anticipated that VE cer-
tification would be required soon.




Educational Background

Most of the participants had bachelors degrees with only 3 holding
master's degrees. Most completed their formal education more than 20 -

years ago.
Q. What is your highest academic degree? -  Year graduated?
Nov. '78  April '79 Nov. '78  April '79
N 8 N L N ¥y N8
, 1948-55 2 40 8 50
H.S. - - 3 18 1956-60 2 40 2 13
A.A. - - - - 1961-6s - - 0 -
BA/BS S 21 13 76 1966-70 - . 5 31
/ - MA/MS 2 29 1 14 1971-7% 1 26 1 * 6

Work Experience

Students in the '78 class more often identified their primary work as
design while those in the '79 class worked primarily in engineering or con-
struction management. '

Q. Do you work primarily in:

Nov. '78 Apr. '79

N & N %

] 6 75 6 38 Design

| 1 12,5 7 44 Engineering
- - 4 25 Cons truction Management
1 12.5 5 31 Other ‘

Most of the students in both classes had worked more than 10 years in
their present specialties.

Q. How long have you worked Th vour present specialty?

Nov. '78 April '79
N3 N4

1 yr. 1 14 5 29 :

2-4 yrs. 1 14 2 13

5-10 -2 29 5 29

11-24 2 29 0 0

25+ 1 14 5 29




On- the average, particpants Spend about 25% their time in managerial
duties, 57% in technical and 8% in marketing/&pontracting. Two are full-
time managers (spending more than 90% of: their\time-in administrative
duties and 4 are full-time technicians.) Most of the group, as'befitting
their experiences, supervise athers (ranging from 1-10 employees.) -

Conclusions /

This course wgs the most successful of the 9 CEE courses we have
evaluated in both gatisfying students and in.influencing their behavior
on the job. Thosethb took the course were very positive -- indeed

_snthusiastic-- about the format, teaching techniques, quality of the in-
struction, and the applicability of the ideas they learned. Follow-up
data suggests that even when they were not able to use the VE methods
formally, they were applying the ideas to their own design projects and
daily work. .Students who took the course expressed greater confidence in
their ability to solve design problems-- a feeling of efficacy (that is,
a stronger belief in their own professional capability.) -

What is-surprising about these results is that the students were
practicing engineers with many years of experience. They were undoubtedly
veterans of many CEE courses and most had not taken graduate work so-that
one might expect them to be a bit jaundiced about taking CEE courses.

The interaction of a mumber of factors seems to account for the
success of the course. First of all, the student$s were a relatively
homogeneous group (in comparison to most CEE courses) in regard to edu-
cational background, interest, and experience. Second the small classes,
team workshops, real-life projects, and the course content itself maximized
the conditions for transferring the ideas leammed. Third, the instructors
were viewed as both knowledgeable and effective.

Recommendations

1. Several students complained that they needed more explicit
instructions about how to prepare projects so they-would be
selected for the team sessions and the criteria used in
selecting projects. They expressed disappointment that their
projects were not chosen and felt that had they known what was
expected they would have brought more background information
to the class. However, in our opinion, the description and -
criteria presented in the April \E Course brochure are very
explicit and clear. It may be that prospective students do
not always read the course brochure, and we are not sure how
that might be remedied. (Or maybe they read an old brochure.)
Perhaps sending out another copy of the project information
with the materials sent to the students in advance of the course
might help, if this is not already being done.

tJ
.

If it is essential to use vintage films in the course, then the
instructors should consider ways to explain this so students

«+ will find them more palatable. Students reject films that are
dated and may miss their messages. '
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3. Some participants will inevitably be disappointed because
they seek simple answers to complex questions and find that
the instructors do not (and perhaps cannot) tell them preci-
sely which alternative is best or how to uetermine the best
-among an array of possible alternatives. Perhaps the instruc-
tors could emphasize the importance of the negotiation that
inevitably goes on when group decisions are made. It would
help students if they would point out and discuss the struggles
that occur during team decision-making.

Other than these small points, we recommend that the in-

structors keep on doing what they are doing. 7t seems to be
working very well indeed. L

<
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APPENDIX

3

Q. Describe the ideas and techniques you found most valuable and how you
‘plan to_use thcm

(April 1979 Class-Questionnaire)
(10 responses) ,

Functional Analysis Cd)-

-- Functional analysis; use in des1gn and construction; possible
cnvironmental.

-- Functional analysis of elemgnts. These techniques will be used

on highway construction projects and resource conservation
‘studies.

-- Found the idea of functional analysis’most valdable
-- The identification of function followed by exam1nat1on of alter-

native solutions in an organized manner. I am g to encourage
staff members to use this approach in plannlnﬁ new work.

Overall Course (3)

-- This short ''40 hours' course is most valuable. An exccllent
approach to the following: 1) the today inflation and 2) very
educational approauh in human relations, not only for profes-
sionals but in general daily life. The melody of a song makes
a person happy, so a good approach will be awarded. The late

\Ghandi once said: ''One’ friendly word can carry fruits tomorrow.'

-- The entire program of value mahagement will be utilized on our

in-housc projects, both design and construction. Anticipate
doing VE work for present and future clients.

-- Formalized methodology for the gaiher1ng and analysis of in-

forration for buth original design and review of _existing
construction.

Other Aspects of the Course (3) - -

-- The technique of eliminating the apparently important criteria
and zeroing in on the main REQUIRED criteria is the most
valuable idea.

-- Speculation--I will try several different ways to do the iob,
and yet perform the basic functifn.
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-- The most helpful is the process. Also, the course was a great
mot.vation to me to spend more time on the process. I would
like to work on a VI. team to get some practice.

(Follow-up Questionnaire Nov.'78 class)

-- Techniques used.

- comparing alternative structural systems, building
skin materials using a matrix for relative ranking.

- identifying and concentrating on primary function to
avoid getting sidetracked by peripheral or irrelevant
issues.

-- Reviewing a project at early stages to determine cost and system
alternatives.

(Follow-up Interview Responses)

Q. How haveyu used the ideas/information presented in this course?

- -- I have been reviewing sewage treatment plant design and my project
was discussed in the workshop. I made recommendations that were
too late to be incorporated in the design. I discussed the course
with director and assistant and gave them the course notes. In
my own work, I am analytic in my approach, use more brainstorming-
and cons1der more options in design.

-- I've used it on a small project in an informal way--a small retro-

"~ fit for air conditioning in two equipment rooms in a hospital. "
Asked did they need air conditioning, etc; what sort of down time,
ctc. (anticipated complete retrofit of system with some down time;
instead they suggested adding a unit without losing service time).
['ve issued an office memo about the course and VE techniques and
mentioned it in a committee meeting. In my personal work, I
changed to using terminology and method in dealing with clients
and colleagucs (asking what the building is supposed to do.) I've
used the notes to check on questions raised and approaches, and to
review phases of the VE method.

-- | hope to usec VE soon in work for A.C.E., possibly for.the Air
Force Basc. Have shared information with colleagues although some
of them have taken the course before and have membership in the
Society of American Valuc Engineers. !‘ve not changed procedures
because most of the staff apply VE subconsciously in designing
structures. Have used the notes once or twice to keep acquainted
with the material. Dc .ot plan to use procedures per se, but will
edit them.
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-- I've used the ideas on a project at Vandenburg Air Force
Base for a space shuttle--considered the electrical aspects.
[ shared ideas with colleagues and supervisor very briefly,
and told them that it was a very good coursc, one of the best
I have taken. Before taking the course I would just use a
standard method to select a switchgear; now I look at the
function and recommended a less costly switch gear that per-
formed the same function. Also there were.things that were
not needed in a design--for instance, a lightning protection
system (therc's no lightning hazard in Cal.)

-- Having taken the course, may awareness has changed. I'm more
conscious of $'s. My office is working on a hospital design
project for which we will be doing a VE analysis soon. I'm
pushing colleagues to use VE in the hospital project and recom-
mended that they take the course. Since I work for the govern-
ment, any project over $2 million must have a VE analysis done,
so there is no choice. The individual can't change the process.
Have used the course notes to get an overview of the process
when I was pushing for the VE analysis of the hospital project.

-- The project studied in the course has been submitted for. approval--
a roadside rest project. Figure we've saved $10-15000 on a $2-3
million dollar project. Have made some smaller recommendations
on road construction projects resulting in $10-12,000 savings from
changing shape of culverts, slope of adjacent land, etc.

-- I've no control over whether VE analysis is done in company. The
VE tecam coordinator chooses the projects for VE analysis. I have
discussed the course, the project studied, and conclusions with
my supervisor. Have used the course notes to refresh my memory,
and to look up procedures when attending meetings on the roadside
rest project. -

-- Yes I've used them--qualified by the fact that I have always used

VE in designing power plants. Part of design is to look for
cheaper ways to do gs and to design according to function.

Q. what onc suggestion do you have for improving this course?
(10 reqponsés) ‘ (April 1979 Class-Questionnaire)
Proiects (4)
-- Better revicw of projects.
-- More advance information as to what 'is expected in the coursec.
i.c., nceded much more reference material to properly cvaluate
design of project. Would have brought it if I had known.
-- Better 'selection of projects.

-- Neced to bring more information into the classroom with us.
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Films and Materials (2)
-- Update films ASAP.

- Update films and samples. Inprove quality of printed matter.

More emphasis on economic analysis (2)

-- More emphasis on importance and. procedures of economic analysis.

-- More explanation ?hd instruction on life cycle costing.

Other (2)

-- The team workshop--I think that more timc is requ1red to
investigate and analyze the prOJect being VE.

-- Stressing those points that are to be used as given with little

or no change, and those that are suggested ways but variations
are optional.

Q. How much did you know about the topics covered in the course before
you took it?

-- quite familiar--28‘years in construction. I've always used VE -
informally, but not according to this methodology.

-- very minimal except what I'd heard about the course itself.

-- Architects do VE naturally...consider‘how you choose material

for building. I can't see much difference between common sense -
and VE,

-- I was not familiar with the approach to VE problems but was aware
that other ways to-approach a problem exist in urder to cut costs,
but not aware of the approaches

-- I was familiar with the 1dcas from a previous course as I had
. taken a 40-hr in-house workshop.

-- 1 had read some literature and the readinﬁ suggested for this
course. Prior to taking the course I had been assigned to a VE
tcwno ‘ "‘ ' :

-- Had no speéifit>know1edge of the VE method.

Q. How do you feel about your knowledge -of VE now?
-- I feel the course was very worthwhile.

-- Feel my knowledge has increased considerably.

-- Have not had much opportunity to practice, hope to use it soon.
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Feel 1 know 85% of what there is to know about VE.

The course was worthwhile reinforcing information learned
in other courses, but the specific approaches were a 1ittle .

different--i.c., the Information Phase had not been included
1n previous course.

The course was worthwhile although'I haven't felt a lot.of

results. It's hard to change designs and get changes approved
by the original designer. o

No change in knowledge as I was alrzady using the ideas presented
in the course, -

Q. How do you feel about the instructors' presentations?

Very competent; could have put more emphasis on mechanics of.

. cconomic analysis or suggested where to learn this information--

perhaps from another course.

Excellent iﬁétructors compared to those in other courses T've
taken. :

Excellent--very understandable.

Did their job adequately as monitors for this course. What you
get out cf the course depends on the activity of the team you're
assigned to. Mine had top-notch, enthusiastic pcople so it was
excellent. But instructors did their job adequately.

Very good. This was onc of the better courses I've attended.
Both of the instructors were very enthusiastic which made the
course go over very well.,

Mitchell--excellent; Kelly-good (in some cases he appeared to be
talking from rote). Content: Both knew what they were talking
about.

Q. Was the content of the course focused on the needs of practicing
engincers? If not, how might it be improved?

Yes, largely because of the workshop approach. Instructors should
bring in projects and assign them to groups. Some people were too
involved with own project because they had designed it to be able
to criticize it adequately., My group was divers; and unfamiliar
with the project so this was good.

It's not possible to do this in a 40-hour course. Should be

offercd differently for people with different levels of experience.

Yes, it was appropriate. I would like a longer study period to
work on an actual job. Workshops were good, but we nceded more
time to study the problems and more discussion of finances--how
to make a cost statement. --More options than I expected; need
explanations on when to use each.

14}
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Yes--but instructors could have monitored the workshop group
activity more actively. There were disagreements .'thin the

group that instnfttors might have helped to arbitrate and
resolve.

Yes. It's hard to change your concept into VE, to consider
function analysis rather than cost analysis. Need practice--
5 days in a classroom is not .cnough to make that switch, but
can think of no better way to learn/teach the VE method.

Yes, depemling on the type of engincer. If the engineer did
not normally stress these ideas in his work, course would be
of great benefit.

were the main benefits of the course to you?

First, I obtained the VE certificate; my office now can accept
government projects. Second, I've learned a very good design
approach which I've spread to other workers in my office.

To serve clients who think there is value in the service and
to serve the pwblic (taxpayers) money especially in an infla-
tion economy. (We do government projects.)

Opened my eyes to these concepts. I always took the standard

. methods for granted. Now I question them and use < functional

approach in design. ‘An excellent course, I was very surprised.
I got an appreciation of VE and the principles which carry over
into ficlds outside my own. It is a general problem-solving
methodology that can be useu in everyday life.

The course got me thinking in a different direction. What does

a design do rather than what does it cost?

Don't feel I got any benefit from the course because I was
using the principles routinely. The VE ceftificate was not
needed as I am not working on a VE team or on projects that
require VE analysis per se.

Gave me a tool to use plus a reference to support the conclusions
I would make in terms of any project. Course is good for the
management level as well as the engineers who took the course.

- [
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EVALUATION OF THE ELECTRON-BEAM LITHOGRAPHY COURSE
OFFERED BY CONTINUING EDUCATION ENGINEERING
U.C. EXTENSION AND THE COLLEGE OF ENGINEERING
UNIVERSITY OF CALIFORNIA, BERKELEY

November 27, 1978
(Professor T. E. Everhart, Faculty Member in Charge)

Evaluators: Martha Maxwell, Ph.D.,
N.S.F. Project Director

Carolin Showers, M.S.
Research Assistant

Electron-Beam Lithography is an intensive, one-day, state-of-the-art course
with the purpose of presenting both the advantages and disadvantages of direct
electron-beam fabrication, with enough fundamental background material that
attendees will be able to decide for themselves whether direct electron-beam
microfabrication should pily a role in their future production plans for high
performance ihtegrated electronic circuits. The faculty-member in charge,
Thomas E. Everhart of U.C. Berkeley was assisted by three speakers, Alec N.
Broers of IBM Research Laboratory, Hans Pfeiffer of the Electron Beam Technology ™
Group of IBM, and Larry F. Thompson of Bell Laboratories. The topics covered
in the course included fundamental aspects of electron-beam lithography, direct
electron-beam exposure’ systems, electron-beam resist and processing consider-
ations and opportunities in nanometer fabrication. A panel discussion was held

at the end of the day where all speakers were available to answer guestions from
> the awdience. . ’

This report is based on the responses of 54 course participants to follow-
up questionnaires sent six months after the course ended and on phone interviews
with seven participants , Sinze only 50 percent of the participants in the class
returned questionnaires, the responses received may. not be representative of the
total class. Therefore the results should be interpreted with caution. °

Student Characteristics: The participants in this short-course ranged widely
in educational background, "experience in the field, positions held, and interests.
There was a fairly even division among those holding Bachelor's, Master's, and
Doctoral degrees. They received their last degree over a 25-year span with the
..majority graduating after 1965. This class seems less involved in technical
duties and more concerned with administration than is typical of participants in
other CEE courses. The average respondent spends about a third of his time in
managerial duties, &% in technical, and 5% in marketing. Over half of the re-
spondents spend more than 20 percent of their time in administrative work while
a third devote more than 90% of their time to technical work. Most participants
worh in research and development with a small percentage in planning and market-
ing (12%) and production (8%). .Respondents indicated their experience in lithog-

raphy ranged from none (20%) to more than 5 years' (29%).

~ This project was funded by the National Science Foundation under
Grant ¢ SED-78-22138. The opinions, finding, conclusions, and recom-
mendations expressed are those of the authors, and do not necessarily
reflect those of the National Science Foundation.
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Student Evaluations

Most people enrolled in the course to update their technical infumation
and the majority reported that the course was successful in this regard. Those
who wanted to learn fundamentals or acquire perspectives for decision-making
were somewhat less satisfied with the ccurse. Generally, participants felt the
pace of the course was about right and only three peuple complained that it was ‘
too slow. The average respondent rated the instructors' emphases on fundamen-
tals, applications, theory, and research as ''about right.' About a quarter felt
there was too little emphasis on applications, 18% wanted more theory, and 9%
would have liked more research. Overall, students were satisfied with the course
ranking it as somewhat better than other CEE courses they had taken. Two said
it was the best course they had taken, and five rated it less satisfactory than

other courses.* Twenty-two percent said they had taken no previous courses in
lithography. ‘

Forty percent of the respondents found something in the course that they
could use immediately on their jobs, and a slightly higher percentage felt
_information learned about topics in the course would affect their work in the
future. About a quarter of the respondents -reported that they were using ideas
or information from the course in their current company projects while 40% had
done additional individual research. Twenty-three'percent said they had done
noching further with the information.' Ten percent of the group had enrolled in
other lithography courses while the majority had discussed the course content
with their colleagues and 43% had Jiscussed it with their superviscrs. Most re-
portad that the course materials were useful, although a few felt them to be of
no value.

Most respondents felt the gourse had benefited them professionally and that
their companies had gained ''sGmewhat' from their attendance. All but three of
the group said they would recommend the course to a colleague.

Twenty-four people made suggestions as to how the course might be improved.
The most frequent suggestion (n=12) was that the course be made longer and/or
that topics be covered in more depth (i.e., more fundamentals, more ap,-lication,
more time for informal discussion, etc.) Six people mad: suggestions about the
‘course materials (better materials, send h idouts out in advance, etc.) A few
commented on instructors, organization, and other topics.

The following summaries of some of the interviews: illustrate how different
participants view the course.

An analyvsis of the 5 dissatisfied students showed that all agreed that
there was not enough emphasis on applications. Three had taken the course
before and found nothing new. Two wanted more depth. Two found the notes
worthless and one felt that IBM dominated the course.
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Inteiview Summaries (E-Beam Course)

1 An ergineer manager in process development who supervises 7 people, has an
M.S. and 8 years experience in the field.

He felt quite familiar with the topics Lefore taking the course,,but had no
hands-on experience with the equipment. After the course he felt more con-

fident as he now has source material for understanding the different types
of machines and their uses. .

Prior to the E-Beam course he had attended a Kodak Seminar and has gone to
the SPIE Conference since taking the E-Beam course.

He presently is involved in a planning effort of an affiliated group in making

,» a decision 0 purchase an E-beam machine. He felt the most relevant part of
the course was on process- types of resist, and has been helping, the group by
contributing information he learned in the course on this topic.

He has used the,course notes/materials for reference :nd for deciding to
purchase a machine. : '

“'e felt the E-feam course instructor's presentations were very well done,
but assumed some prior knowledge. (He is not a user”in the field and would
have liked and needed a presentatio~ on fundamentals). He felt all three
speakers were well-prepared and_gave gord presentations.

He recommended that the course might be improved with a 1-2 hr. presentation

on fundamentals and felt that Everhart's overview lecture was oriented to-

ward state-of-art rather than an introduction to E-beam. (Commented that
Everhart was an excellent specaker.) He suggested that an additional day

would have been gori with the first day spent on fundamentals and the second

on state-of-the ar: information. - g

- He felt that the main benefit of the course was that it exposed him to the
state-of-art in both machines and processing techniques but he considered
the discugsion of capacity for E-beam was somewhat esoteric since these po-

. tentials are not yet developed.

In general, he was reasonably satisfied and felt he had learned a lot from
the course.

v

*2 A company president who spends half his time on technical duties, supervises
7 people and who received a B.S. some 25 years ago.

His company is working on developing their own E-beam resist amoebus unit (a
production machine) and he took the course to update his technical information
(finding it somewhat satisfactory for this) and to increase his knowledge of
fundamentals (and was well satisfied in this.)
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*3

Prior to taking the course, he had practical knowledge and as a result of
the course he feels much better about his background--he learned of the
state of the art and met other people and learned how they are thinking.

He's taken no other courses in this éield and attended this one because
it was held at the airport which is close to his company.

He has used the information from the course :to 1look up patents ther
work, to get in touch with researchers in testing and R§D, and to set up
rep11cat1on experiments. ' His interest is the chemical development of
photo resist gnd is limited to building the instrument itself. He hasn't
changed procedures and is still in the process of checking other people's

" results. He gave the course materials to those in his company who will

direct the project for new ideas in chemicals and for replication of
experiments.

He felt the instructors were all good. The Hughes and Bell people spoke

an topics most relevant to his work. He felt that the others were well-
qualified and interesting although he did not pay attention to their
presentations per se, he did not fall asleep either. . -

He recommends that the course be spread over a two day period with more

on the chemical and,application techniques of resist. He felt there was
too much on the equ1pment (design, and idiosyncracy). He's just inierested
in the product and doesn't need to know how the machine makes its procuct.

The main benefit of the course to him was that it exposed him to information

. on chemicals that have been tested, evaluated, and developed for use in

photo-resist.

>

A MTS with a M.S.‘degree who has been in lithography 2 years. He said that
his work is primarily technical and he uses the E-beam process to fabricate
devices. Prior to taking the course he was not familiar with optics nor how

* the E-beam machine works and said the course gave him a broader picture of

the basic background of E-beam research. He has taken no other courses in
this field. After the course he tried to apply the idea of developing re- .
sistor profiles as a function of the energy of the electron beam. The re-
sults matched those described in the lectures but were not precise enough

for what he needed. He says he has reviewed the notes from the course, sent
some memos about it to his colleagues and given them the course notes. He
has not had .much chance to use the ideas from the course as yet. He thought
the instructors were very good but felt they should go deeper into optics,
E-beam resist, and fabrication--for him the material was too basic. He liked
Everhart's presentatlon best as he's taken courses from him. Considers Thomas
and excellent speaker who gets the audience's attention.

He feels the course was probably intended to present more background infor-
mation than to give ideas for immediate applxcatlon and suggests that a two-
day course would be more adequate--the first day could stress background and
the second present detail.
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He felt the course benefited him because it broadened the E-beam 1ithog-
raphy picture and gave him the fundamental pl 'sics necessary to understand
it,

~ -’

' #4 The president of an investment company. He took the course because he was
interested in the future of two companies and wanted to learn whether they
were keeping up with the state-of-the-art. A former philosophy major in
college, he said that 2/3 of the course was over his head, but that he was
well satisfied that he got what he wanted out of it. Immediately after,the -
course he met with one of the other participants and was tutored--got his
questions answered and the language and concepts clarified. He observed
that one of the companies that he was interested in sent five participants
while the other only sent one so he called the president of the bpard of :
the latter company and arranged a meeting. He and the board president then
met With the company president and the director of the lithography section
and quiz:zed the director. He said that as a result he was satisfied that

- this company wa:; keeping up with the field even though they only sent ore
representative to the course. He felt that the cc ‘~se hglped him to learn
the vocabulary and the right questions to ask and cleared' up a lot of the
misconceptions he-had about the field.

Y

#5 2 Ph.D. with university teaching experience who is the lead person in E-beam
lithography in his company, but who has only had 6 months experience. When
he took the course he knew nothing about E-beam, but was very well prepared
in physics and chemistry, and feels that the course increased his knowledge,
and familiarized him with the field. He said the course was very valuable
as an introductory course, but was not state-of-the-art as it was too low-
level, and did not delve deeply enough into topics. He felt the instructors
presented the material very well and suggested no improvements. He felt the -’
course prepared him very well for summer conferences and that the timing of
the course was good. The reprints handed nut were helpful as they directed
him to reference material. i . '

Recommendations

This course appears to be about as good as it can be considering the con-
straints of time (one day) and the various needs of those who attend it.
Participants rank the course as hetter than other CEE courses they have taken
and, in general, are satisfied that it meets their needs in updating their
knowledge. However, there appear to be some strong reasons for trying longer,
perhaps two-day courses that would meet some needs that are not presentiy being ‘
addressed. A longer course would benefit those participants. who need more in-
tensive explanations of fundamentals and help in applying the concepts to their
specialized situations, if an extra day of workshqQp/discussion sessions were
offered. Those people who have taken the course before or those who are experts
in the field might be better satisfied if they had more opportunities to ex-
change views with other participants and with the instructors. If the course N
were longer, sessions of particriar interest to the more experienced lithography
engineers could be included.
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(1 01y 161 Q-9

, “E-Beam Lithography Course Questionnaire
e o (54 Questionnaires returned out of 108 sent.).

.‘ 4
-~

ﬁiease fill'out thé following items carefully. Most questions can be checked, hut
“a fef' require short answers. .
"Ne appréciate your taking the time to answer these questiohs.‘ The information you
give witl be held confidential unless you agree to release it. ,

(5) I do [16%] do not [84%] msh the information I gl\le to be released to my
company. N=32

(6) What is your job title? (7) Your highest degree? (8-9) year? N
BA/BS-39% MA/MS-26% 53-55 = 3 _

What § of your time is spent in: :h;oéo' 35% gg_gg . 2
avg. (34] managerial duties (10-11) 66-70 = 10 ,

[61] technical duties (12-13) 71-75 = 6

[ 5] sales/marketing (14-15) ; 76-77 = 4

¢ F
Do you work primarily in:, L
=59 [738) R & D (16) [7%] Sales/Marketing (19)
‘ [8 ] Production (17) . [0 ] Other (specify) (20)
[12 ] Planning and Decision- makmg (18)

How long have ydu been in Lithography? _
0=10 lyr=7 2-5=17 6-10=8 11-15=35 16-20 = 1 (21-22)

What were your goals in " How well were thgy achieved?
taking this course?
# responses Not at all somewhat very well
(23) [46] updating technical information '
(24) [33] knowledge of fundamentals ¢ [ -] ' (64 ] [36 ]
(25) [29] perspective for decision-making [10] (45 ] (45 ]
(26) [23] meet others in the field and
: find out what they're doing {10] [ ] [29 Y%
(27) How well did the pace of the course suit you?
(6%] too slow [94] about right [-] too fast
N= 51

Did you find anything in the Did you find anythm'g' in the

course that you could use course that will affect youn ,

immediatelvy? If so, what? work in the long term?

N , { N .

E-Beam .27 (28) 29 (29)

Fundamentals -

Direct Exposure 12 (30) 18 (31),

syStGﬂS .-/ 14‘\ ' -

Resist § Processing 19 (32) ° Rl , 19 (33)

Nanometer Fabrication 4 (34) . 14 (35)

(On tRe reverse s!de, briefl describe the ideas and techmques 'you found most valuahle
and how you have used them. 3’

-
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How would you rate the instructors' emphasis on the following? ‘
A ) too much ~ about right too little
-, (1) - (3) (2)

fundame?tals N= 21 (10%] [78%] [12%]

(36 ’

application N = 51 [ -] [73 ] [27‘]

(37) . . 3 .

theory N =49 [2] . =+ [80] (18 ]

(38) : ' '

current research N = 43 [ 7] ‘ (84 ] [ 9]

(39) - ‘

(40) How did this course compare with other engineering short courses you have
taken? (in usefulness, content, interest)

 [4%] the best I have taken (4) '
N=51 (31] better than others I have taken (3) \\\
' (33] about the same as others (2)

(10] less satisfactory than others (1)

[22] have taken no others (0)

N
(41) Who initiated your decision to attend this course? -
[85%] vou (6] your supervisor (9] selec;ed by company
N = 46

| (42) How does your company support/recognize attendance at courses like this one?

' _ (17%] company strongly encourages attendance (4)

! N=59 (67 ] company pays fees and expenses (3)

: - [16 | company grants released time (time off) (2) :

, [ - ] course attendance increases possibility of promotion/raises (1)
[ -1 no partxcular encoutagement {0)

(43) Have you sought further instruction or done further individual or company '
research on the topics in this course?

[26%]) major company research area (3)

[41 ] have done considerable research on my own time (2)

[10 ] have taken additional courses (1) :
]

(23] no (0) : v

: . \
. (44-45) Have yqu discussed the information gained in this~Course with your company
colleagues? [62%] %Supervisor? [43]

(46) How useful have the lecture notes and/or other courses materials been to you?

[6%] very valuable [80%] quite useful [14%] not useful
(47) Do vou think that taking this course hés helped you professionally?
[76%] ves [13] no [11] am not sure _ -
' N =53
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\

(48) If ves, explain.
¢

(49) How much did your company benefit from sending you to this course?
(19%] a great deal [70%] somewhat (11%]) not at all

N = 53

Explain:
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(50) Would you recommend this course to a colleague? [94%] yes [6%] no
N=52
(51) What one suggestion do you have for improving this ccurse?

The NSF Evaluation Project Team is planning to conduct case-studies on engineers
who have taken short-courses. If you are willing to participate in two brief
intevviews, to be scheduled at your convenience, and to permit us to interview
your colleagues and supervisor, please fill in your name and phone number below:

Name

Phone No.

N (area code) .

[10] prefer telephone interview

[ 5] want further information

[21] do not wish to participate
p p

[25] 1'd like a summary of the final report-
Please return questionnaire to:
Engr. Extension *XT37
U.C.B., 2223 Fulton, Berkeley, CA 94720

Answers to What is your job title?
Staff

6 Technical staff

Engineering science specialist
S Engineer _
Consulting member, engineering staff
Project engineer ”
Design engineer
Process engineer
Chief engineer
Senior engineer
Senior staff scientist
Associate engineer
2 Research asso$iate

Group leader

~

Managers ‘ Director

2 Manager Research
Project manager Marketing
Section head V.P., Engineering
Photomask manager V.P., Marketing director
Technical liaison ~ President

Laboratory manager

3 Engineering section manager

Systems operations Professor
Operations

Physical sciqnce

(2]




24)

38)

41)

49)

Co4 Polo

Valuable¢ ldeas and Techhiqpes

As this was my introduction to the field, the immediate result was

to acquire the technical language and concepts for communication-with
others in the field. As far as long term, only, or so much, as a
broader background always influences.

Learned some techniques of value in designing electon-optical
systems, espccially from Hans Pfeiffer.

Ideas on columns and processing that I was able to bring back to my
group and pass on to them for their follow-up.

Purchase of e-beam system.

Most valuable thing for me was the talk by Dr. Pfeiffer describing
his IBM direct writing machine. The talk was very detailed, reveal-
ing most of its '"secrets.!" I work for a company manufacturing e-beam
lithography eequipment. The practical details are useful for me.

O
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How Did the Course Help You Professionally?

I'm new to semiconductor industry. This provided good background.
Useful in managing new pro- .ct.

Gives me insight as to direction towards which researchers in other
companies are applying their monéy and time.

Now know capabilities of e-beam Jithography.
It was a good in-depth introduction to e-beam lithography.
Better perspective on e-beam systems and techniques.

General knowledge, trends.

It has provided a good background of material related to future
decisions.

It has given me general background concerning c-beam processing.

We will be forced to make a decision w.r.t. e-beam lithography. I
think we're better prepared.

Useful for my decision making, as a general e-beam technical informa-
tion and knowledge for me.

My job is to develop the competing/complementary technology of x-ray
lithography so I must have a good understanding of e-beam lithography
concepts and procedures. :

The main value was in discussing the material covered with the
instructors (after hours).

I now know what IBM has done--at least, the order of magnitude. I
also know how poorly the markcet was analyzed in 1975 and how tlghtly
IBM can hold secrets.

Gained better overall impression of state of the art in e-beam

lithography--what's commercially available and its limitations
compared with IBM/BELL/TI systems. -

Currently making decisions related to e-beam technology within the
company.

There will come a time when I will be using e-beam equipment. Courses

like this will make NBK morc effective when the time comes to purchase
equipment. ’

Knowledge of the state of lithographic art helps me evaluate plans
for our research activities. r

Had littic general knowledge of lithography at the time I took the
coursc.

Awareness of customers' fabrication tcchniques and general knowledge.

IC design and fabrication is the most important futurc activity for
engineers in our company.

Personal contact and stimulation of ideas.
Maintain technical understanding.

I gained a much better understanding where the state of the art is--
which %s an industry watcher is very important.
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How Did the Course Help You Professionally? (Cont'd)

Provided background.

Update of information is clearly useful.
Professional contacts, useful information.
Wider scdpe of knowledge in this area.
Industry contacts were helpful.

In my company we do not have any immediate plans to get involved in
exotic technologies like e-beam. - We do however need to keep abreast

. of the major developments in the field. I found the course to be

useful for this purpose as I have found others of the Berkeley courses
that I have attended. ' '

Information obtained has added to my ability to make appropriate
decisions regarding this subject.

How Much Did Your Company Benefit?

I don't know. -

?

Not At All:
Course benefits were primarily to myself.

No immediate work-related relevance.

A Great Deal:
It was very beneficial for plarning the future.

My field is advanced lithography now even though I had
little previous background in this area.

Gained initiation into vocabulary and many aspects of
literature, current work, approaches tc e-beam technology
which will serve in good stead as basis in further, more
detailed research.

15, (Cont'd)
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How Much Did Your Company Benefit? (Cont'd)

(A Great Deal):

If T don't know this, I can't do my job.

When we make a decision on advanced lithography, it w111
be from an informed position.

Somewhat:

4

The company benefits whenever I am able to expand my knowl-
edge and/or meet others in the field. .n this case, I
established contact with 2 people who are new customers,
and picked up background data on secondary electron genera-

- tion which eventually lead to a major decision in e-beam

area.

Nothing new was discussed. Some contacts with people at
the meeting were useful.

Useful information is beneficial. (Lower costs), shorter
development time.

Helped in selecting a system for purchase.
Making me aware of problems and developments in other areas.
Added background information to R § D work in progress.

We are just getting into integrated circuit design, and it
is useful to us to know alternatives.

Obtaining 1ist of attendees. Contact with interested parties
who could become customers in the future.

Most of lectures are reviews, but somewhat in current and
practical technology.

This will be more evident when we begin to follow through on

- plans to set up an e-beam facility.

This isn't a company. My research program benefitted.
Very difficult to evaluate.
Again w.r.t. deciding about pursuing e-beam lithography.

Lithography is not my areca of responsibility, so there is
slight direct benefit. But my understanding of problems and
opportunities raised by e-beam is an enhancement.

Benefits still in future.
General knowledge.

Increased my knowledge of potcntially applicable techniques.
Has not yet been implemented.

I could-~'t absorb it all. Much of significance is beyond me.

What one suggestion do you have for improving this course?

Everhart should have printed material of his opening remarks!

Follow it up with lectures from diffcrent companies, and make it an
ongoing, upgraded series, rather than a single session.
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What one suggestion do you hiave for improving this course? - (Cont'd)

I would have preferred more detail on e-beam systems. This, however,
is the viewpoint of a person who works with an e-beam system.

[ thought it was about right. Perhaps more time at tiie end of the
day to talk informally would have been good.

Having a preliminary summary of fundamentals sent to participants
before the class.

Greater depth in less area. Treatment was too broad with the excep-
tion of resist mechanism and dosage.

Better notes. A well notated list of references.
Too short--need to be more thorough.

More on real-world applications of this technology.
Avoid répeating last year's material.

Lecture notes could delve in to all areas more thoroughly than lectures
themselves, rather than merely repeating.

Greater depth of coverage of current research and applications.

Don't let.a single company dominate the program.

kY

Start with the assumption that 50% of the audience knows nothing at

all 'about e-beam. Build up slowly to the more complex material--two
days might be better.

Provide more detail.

Would like to have more accurate information on the quality and quantity
of masks presently being manufactured on e-beam equipment. Not just
isolated, but in a production operation.

It is difficult because th- audience background is so diverse. I
think that you did about as good a job as possible.

- Mail nntes to participants ahead of time.

Break it into levels for the beginner and the experienced researcher.
Better handouts at the course.
More practical application details.

Please completcly scparate fundamentals and tutorials fromScurrent

technology. Like the former in the morning and the latter in the
afternoon.

More discussion time--better urganized.

Less IBM drecans.
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| SUMMARY' OF THE
EVALUATION @F AIRPORT SYSTEMS § DESIGN CEE COURSES
U.C. Berkeley, Engineéring Extension
(1978 and 1979 classes)

Evaluators: Martha'Maxwell, Ph.D.,
Project Director
Caroline Showers, M.S., R.A.

The Airport Systems Planning and Design Short Course has three goals:
1) to provide a general introduction to airport planning; 2) to give .an annual
update on new information in the field; and 3) to discuss new regulations for
airport systems and the outlook for government funding. The four-day class is

divided into four topics: planning and economics, operations, design, and
environmental planning.

This evaluation is based on the results of questionnaires administered
‘during the last days of the 1979 class to 32 participants, follow-up question-
naires returned by 21 of those attending the 1978 class, and interviews with
the faculty coordinator and four participants.

Characteristics of Participants

The Airport short-courses attract students from a wide range of airport-
related jobs--planners, engineers, government officials, managers, architects,
and other specialists. The average participant completed a college degree
within the past ten years and has worked in airport-related jobs for about
three and a half years. Twenty-five percent of the 1979 class had less than
one year's experience in airports. However, in both classes there were some"
peoplc with over 20 year's experience. Most:participants have administrative
responsibilities and take the course to improve their general background and
update their knowledge. Students in both classes report that the course met
these goals well. Those who came for other goals (decision-making, meeting
others, learning fundamentals) were somewhat less satisfied. Most participants
felt that taking the course was valuabie to them professionally, increased their
knowledge, and gave them fresh insights. Those who had taken other courses
rated the course as somewhat better than other short courses they have taken.
The average participant was satisfied with the course.

On the average, participants felt. that the course level, and length was
about right, although about a quarter felt the course was too fast, too short,
and the content too easy. Participants rated the instructors as average to
good, but judged the discussion and problem-solving sessions as weaker than other
parts of the course. (Some questioned whether there were any protlem-solving
sessions.) Also a number complained that there was not enpugh emphasis on ap-
plications. Note- some people attending the course had rather specialized in-
terests such as expanding very small airports or building airports in the bush.
It is difficult to address this range of interests in a lecture. Others wanted
site-visits and more emphasis on case-studies, and some were disappointed that
there was not more state-of-the art information.

This study was supportedfby the National Science Foundation under
Grant ¥SED-78-2213». The opinions, findings, conclusions, and recommendations
expressed are those of the author, not of the National Science Foundation.
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In boch classes, some participants complained that there was not enough
participant involvement in discussion or panels. Increasing the opportunities
for participants to talk with one another and with the speakers is one way to
meet the students’' varied needs.- Also some 'complained about the length or the
lectures and the length of the day while others in each class requested a
longer course. (i.e., a S-cday course rather than 4 days.)

Recommendations

1. Encourage those with special interests to form groups or meet others with-
similar interests individually @.e., those from small airports, or those in-
terested in design.) The course could be planned with énopening social hour.
More time could be scheduled for breaks (30 minutes vs: 15 minutes.) Oppor-
tunities could be given at the opening session for students to indicate their
interests and find others with similar interests and uroblems.

2. Plan the course to include more discussion groups (course topics, case
studies, and problem solving) even if some of the formal presentations must be
shortened. Consider reviving the panel discussion sessions, and schedule these
during the early afternoon or morning if there's a problem with people leaving
early in the late afternoon.

3. As is typical of students in other CEE short-courses, participants in the
airport courses show an increased interest in taking other short courses on

the topics covered by the course. Some of this interest may stem from the
course coordinator's deliberate trade-off between presenting general information
on a number of topics vs in depth coverage of a few topics. U.C. Extension
should consider ex:ending this course or offering other airport short courses
that would provide opportunities for narticipants to cover the topics in more
depth. The topics that seem to be of most interest include financial management
and planning, architectural design and construction, transit planning/multimodel
planning, and environmental planning (essentially the main topics covered in
this course).

Another way to provide interested participants who wsnt more detail on
some of the topics, would be to schedule some double sessions during the 4-day
course where students would have tc choose between two topics.

4. There were a few comments that suggest some participants expected more
emphasis on design. This seems to stem from the course title which, they felt,
implied a 50-50 split between design and systems. Although the course descrip-
tion clearly explains the emphasis and time devoted to each topic, the coordi-
nator might consider how the title might be changed to avoid this problem.
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EVALUA%ION OF THE AIRPORT SYSTEMS PLANNING AND DESIGN SHORT COURSES
U. C. Berkeley Engineering Extension
(June 1978 and June 1979)

Evaluétors: Martna Maxwell, Ph.D.
Caroline Showers, M.S.

Summary of Interview with Professor Kanafani, Faculty Coordinator, the
Airport Systems course has three goals: 1) to provide a general introduction
to airport planning; 2) to give an annual update, presenting what is new in
the field; aud 3) to discuss new regulations for airport systems and the out- °
look for government funding. One day of lectures is devoted to each of four

‘major topics--Airport Planning and Economics, Operations, Airport Design, and
Environmental Planning.

The course is designed for professionals in a variety of occupations re-
lating to air transportation. The group will include engineers, planners,
architects, economists, and government officials. These people may be employed
by airlines, airports, consulting firms, universities, and by the local or
federal government. Some may also come from overseas. The course is intended
for professionals practicing in another sector of air transportation who want
to broaden ‘their knowledge to include airport systems and hence the ‘emphasis is
on introductory concepts. The annual update and discussions of regulations and
funding may appeal to people with more direct experiénce of airport systems.

It is expected that all participants will be college graduates who have majored

in a technical field or economics and are now professionals in a field related
to airport systems. '

The faculty coordinator anticipated that most participants from the public
sector would probably work in local governments, as the federal government hac
its own training courses of this type. The involvement of government officials *
in airport systems is usually from a client's perspective--they have design or
operations work done for them by a private organization. They may also play a
supervisory role, which entails approval of airport plans or formulation of air-
port regulations.

The course has been given eight times. Over the years, the course format
has been similar, however, each year two or three topics are changed to include
current information. The few people who repeat the course do so after a four-
or five-vear interval. Usually, a company sends one or two of its employees
each vear, usually new employees. '

One benefit of the course to students is that they learn to design air-
ports (e.g., runways, hangars, etc.) or to add new facets to their previous
design perspectives. Design methods are published in the course materials which
are very complete and include lecture texts, supporting reference articles, in-
structions for design, and sample problems. The company benefits by obtaining
these materials and also by the business contacts that are made.

15
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The instructional method is informal lecture with a number of visual aids.
One or two lectures resemble workshops in that they demonstrate problem-solv-
ing. Questions are permitted at any time. In the past, the coordinator has
tried to end each day with a panel discussion, but he feels that this is not
worthwhile because most participants prefer to leave earlier and explore the
Bay Area. The only problem the instructor anticipates that students might have
involves the breadth vs. depth trade-off. A wide range of material is present-
ed, and, from the individual's point of view, some topics will be belabored and
others will be passed over too quickly.

The lecturers change every year and are selected personally by the coordi-
nator because of their expertise on certain topics. .ost come from local con-
sulting firms and many are former Berkeley students. + Topics are selected in

terms of important factors of airport systems and current relevance (e.g. en-
vironmental planning).

As mentioned above, the faculty coordinator stated that course notes are
extensive and well-.prepared, and are distributed at the course. No preparatory
reading is suggested. :

;

Summary of Replies by 1978 Class

Twenty-one questionnaires of the forty-eight sent were returned. ,The re-
sponses seem to be affected by the year's lag between course and evaluation.
There were fewer written comments responses and there was a tendency to give
average ratings.

Sixty-eight percent of the group have Bachelor's degree, one is a Ph.D.
candidate and the rest have Masters' degrees. They earned degrees over a
35 vear span with 27% having graduated in the past 4 vears. Job duties show
an even split between managerial and technical, typical of airport systems
work. Sixty-eight percent of the’group are exther enginee»s or planners; there
"is one architect, 4. government officials, no economxsts and one person vwho
described himself as a contract negotiator.

Fifty-eight percent have worked with airport systems for 5 years or less.
The goals of: improving background and updating knowledge were rated as most
impo- tant while fundamentals, perspectives, and meeting others were considered
less important (rating 3). The achievement of goals shows a large variance,
so that onc cannot generalize from average ratings. Achievement is roughly
sat.sfactory.

Se: :n persons expected to learn something that wasn't covered in the course
and 3 had taken related courses. The course was rated better than others they
had taken. FEmphasis on research, fundamentals, applications, and theory was
rated about right by most people. Significant deviations are that 26% said there
was too little emphasis on research and applications.
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The various topics in the course. were rated, on the average, between 2

and 3 on a 1 to 4 scale of usefulness. A large variance blurs any distinction
among topics. :

. Twelve persons commented on valuable ideas and 12 persons found the notes
useful. Nineteen persons said the course helped them professionally to some

degree and 14 persons suggested ways to improve the courses; 8 persons suggest-
ed other course topics. ‘

The question concerning what topics in the course could be used immediately
or in the future did not elicit many responses. Operations, Airport Design,
and Environmental Planning were said to be useful immediately, while airport
planning and economics were judged as useful in the future. Only 56% of the
people returning questionnaires answered this question.

The average grades for instructors ranged from B+ to.C+. Grades assigned
individual instructors showed a large sprrad. Various aspects of the course
were given the following average grades: Discussions, C; Social and economic
factors, B-- or C++; Fundamentals, B; and Applications, C¢.

Twelve people rated the course better than others they had taken, 8 about
the same, and 4 less satisfactory than others. All byt 2 participants intend
to do further study on the course topics as part of their jobs and 10 plan to
study them on their own time. '

Eight-four percent anticipate discussing information learned in the pro-
gram with their colleagues; and their Supervisors. Seven persons expect to use
the course notes regularly, 14 think they might use them, and 1 does rot expect
to use them. All but two said that they'd recommend the course to a colleague.-

Three people wrote what tﬁey thought was most valuable and 69% thought the
course helped them professionally. Twenty people made suggestions for improving
the course and 11 gave ideas for other courses. Six made furthe: =>marks.

[See Questionnaire following]
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AIRPORT SYSTEMS PLANNING & DESIGN'I978

\ Follow-up_ Questionnaire o
Q\hlt) ’ . ad

The Netional Science Foundation has funded U.C.B. Extension to evaluate the
quality and usefulness of its short courses for engineers. Your responses to

this questionnaire will help us improve our courses and develop an evaluation
. model for other courses. '

' . We appreciate your taking the time to answer these questions.

s
- )

5. What is your job. title? v

6-8. Your highest aca.demic degree? year received
8A[83- 8 MA|Msa b PADay

X ) Sb-bo-b
3-10. What § of your time is spent in: biedee g
T Aanw | -nﬂ managerial dutiese Weroey
Neng -
[SoQ] technical duties: 16-1:-: .

[ 3R] other (what?)

11. Do yQu work primarily as an:
36 [ &) engineer

3¢ [&] planner
[ 1] architect |

1= [«y] government offteial

[&] economist -
5 [1] other (specify) Coa'tnaq\wﬂo"_\'\ﬂ-r
12-13. For how many years has your work been related to airport systems? ’

‘,’. b b_'_'. =20 re30 .

Ne | " " 'y N

14-18. What were your goals in takin; this course? Rank order.
| = most important

- b = Yeast important

L 'M"“ .\' "\m |\\?°r'1tcﬂ )

%0 (3] tlearning the fundamentals .
t YY) (7] improving general background N

a0  [3] updating knowledge

+.9 (3] acquiring a perspactive for decision-making

29 [y ] meeting others in the field and finding out what they're doing

[ ] other (what?)

T 167
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AIRPORT SYSTEMS PLANNING & DESIGN 1978

Follow-up Questionnaire
* (N=21)

The National Science Foundation has funded U.C.B. Extension to evalu-
ate the quality and usefulness of its short courges for engineers. Your
respones to this questionnaire will help us improve our courses and develop.
an evaluation model for othex courses.

We appreciate yoﬁr taking the time to answere these questions.

5. What is your job title?

6-8. Your highest academic degree? ' year received?
B/A-14 - MA/Ms-6 P.h.D-1 56 - 60-6
61 - 65-3
9-10. What \ of your time is spent in: 66 - 70-3
: . 71 - 75-4
Mean = (47%) Managerial duties 76 - 79-2

(508) Technical duties
(3s) Other (what?)
11. Do you work primarily as an:

A
40 (8) Engineer
30 (6) Planner
S (1) Architect
20 (4) Government official - : .
(0) Economist

5 (1) Other (specify) contractor/negotiator

12-13. For how many years has your work been related to airport systems?

1 2-5 6-10 11-20 21-30
N= 1 11 3 4 1

14-18. What were your goals in taking this'cou;ie? Rank order
l=most important Y -
4m=least important

X -iranking‘it most imgortanF
3.0 (;) learning the fundamentals
2.1 (7) improving generalhbackground
| 2.0 {3) updating knowledge
2.8 . (3L acquiring a perspective for decision-making
2.§ (1{ meeting others in the field and finding out‘what they're

doing .

(). other (what?)



1v--24. How well were your goals achieved?

not at some-

all  what

learning fundamentals ( ) (24%)
updatinq~knowledqe ( ) (10%)
perspective for decision-makiné ( ) (33%)
meeting others (10%) (32%)

C.5 P.5

satis
factorily

(62%)
(55%)
(56%)

(53%)

very
well

(14%)
(35%)
(11s)

(5%}

25. Was there something you expected to gat from this course, but did'nt?

7 or 33% yes, If so, what?

26. Have you taken other cov "ses on these topics in the past 2 years?

yes=3]

If so, what?

Same type of course at Ga. Tech.
Refresher planning, FAA Academy
Same type of course at MIT

(MIT course better because i1t had a more diverse,

interesting group of speakers.

27. How did this c-urse compare with other engineering short courses you

have taken?

(in usefulness, content, interest)

b

(5%) the best I have taken

(43%) better than others I have taken
(19%) about the sames as others
(S%) less satisfactory than others

(28%) have taken no others

\

28. How would you rate the instructors' emphasis on the following?

too much about right too lictle
current esearch information (0) (71w) (29%)
fundamentals (10%) (90%) (0%)
application (5%) (66%) (29%)
theory (5%) (86%) (9%)




29-33. How useful have you found the topics covered? Rank Order

34.

35.

36.

38.

l1=most useful.
4=least- important

X
(2.1) airport planning and ecomonics
(2.5) airpsrt operations |
(2.3) airport design '
(2.8) environmental planning

What ideas and techniques have you found most valuable?
SEE LIST
Have the notes/course materials been useful in your work?

Yes 683 No or haven't used 32%'

Dc you feel that this course has helped you profeSSLOnally?
If so, what? 19 said yes, 1 sajid no.

What suggestions do you have for improving this course?
14 people made suggestions l

What other short-courses would you:like to take?
8 people made suggestions

' \

OCther remarks? \ ,




Summary of Responses of 1979 Class

Fortv-six persons registered tor this four-day course and 32 completed
questionnaires at the end of the course.

Characteristics of Participants

With one exception, the respondents were college graduates, including 9
Master's and 1 Ph.D. Sixty-three percent had received their degrees in the
last ten years, making this a relatively young group. The average respondent
spends 40% of his time in managerial duties and S51% in technical affairs. Ten
people mentioned other activities such as teaching, public duties, and field .
assignments. The participants included 14 planners, 13 engineers, 5 government
officials, 2 architects, no economists and S "Others" (2 tea~hers, 1 field .
maintenance, 1 safety, 1 airport operations). Twenty-five percent had less

than one year's experience in arport systems, and 72% had less tlan five years'
experience.

Participant Evaluaticns

(et

Participants ranked their goals for this course as follows, from most to
least important: 1) improving general background; 2) updating knowledge; 3)
learning fundamentals of a field new to me; 4) acquiring a perspective for
decision-making; S5) meeting others in the field. One person mentioned business
contacts and ranked this goal third. It appears that most participants do not
consider themselves ''new to the field,' but are interested in improving their
backgrounds. The first three goals were found to have been met satisfactorily,
and the latter 2 were judged as being ''somewhat'' satisfied.

Twenty-five percent said that there was something they expected to learn
in the course but didn't. Most people found the pace, length, and level of the
course to be 1-out right. However, 19% said the pace was too fast, 28% said the
length was too short, and 25% said the level was too easy.

L

(For details, see Questionnaire following)
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AIRPORT SYSTEMS PLANNING & DESIGN - June 18-21
June 1979 Class
Questionnaire
N=32 replies our of apprmx. 46 registrants

+

The National Science Toundation has funded U.C.B. Extension to evaluate
. the quality and usefulness of its short courses for engineers. Your responses
to this questionnaire will help us improve our courses and develop an evalua-
ticnh model for Sther courses.

!

We appreciate your taking the time to answer these questions.
S~

5. What is your job title? (See p.4.)

6-8. Your highest academic degree?

Less than BS=1 BA/BS=20 MA/MS=9 P.h.D.=1 Year received?
. 50 - 55=1
9-10. What % of your time is spent in: 56 - 60=-
61 - 65=4
Avg: (45%) mancgerial duties 66 ~ 70=4
(51%) technical duties 71 - 75=12
(9%) other (what?) 76 - 79=8

11. Do you werh primarily as a

(36%) planner

(33%) engineer

( 8%) economist

(5% ) architect

{13%) government official

(13%) other (specify)
2 teachers field Airport operations
maintenance safety

12-13. Ffor how many years has your work been related to airport systems?

1 2-5 6-10' 11-20 21-39 31-40
8 15 4 2 | 2 1

14-19. wWhat were your goals in taking this course? Rank order the following
using #1 for the most important; #6 for least.

Avg. # listing each as most important

3.0 (8) learning the fundamentals of a field new to me

1.5 (15) improving genexral background

2.1 (9) updating knowledge

3.7 (1) acquiring a perspective for decision-making

3.8 (1) meeting others in the field and finding out what they're doing
Q () other (specify) contactsa_ls"’/




20-26, How well did the course meet your goals?

not at all somewiiat satisfactorily very well
L ]  } L ] L ]

learning the fundamentals (3s) (30%) (50%) (17%)
improving background (3%) (10%) (57%) (30%)
updating knowledge (6%8) (19%) (52%) ‘ (23w)
acquiring a perspective for

decision making (13%) (60%) (37) (13w)
other? ( ) ( ) ( ) ( )

27. Was there something that you expected to learn in the course, but did'nt?
if so, what? 8 persons said "yes" (25% of group)

28-30. How would you rate the course on the following?

L ] L ] L ]

pace (19) too fast (24) about right (7) too slow

length( 7) too long (64) about right (29 ) too short

level (26) too easy (71) about right ( 3) too hard
Did you find anything in the . Did you find anything in the
course that you could use course you can use in the fu-
immediately? If so what? ture? If so, what?

4 L

Airport planning 4 ‘ 7

&economics

Operations 7 3

Airport Design ~ 8 5

Environmental Planning 10 4

o

(On the reverse side, briefly dqgcribe the ideas and techniques you found
most valuable and how you plan tb use them.) 3 persons commented

How would you grade the instructors on content and presentation. Use A= é|lent:
F=Very Poor

Avg. Srade

Antis (C+) Brawner (B-) Paul (A-)

Doyle (B+) Galloway ™ (B-)
Goslinyg (B ) Hockaday (B+)
Howard (B ) Kanafani (B ) <
Joerger (B=) Pollack (C+)
Robert (B=) Ashford (B )
Wesler (B+) Whitehe2d (B-)

45. Rate the following aspects of the course using A=Excellent through F=pPoor.

Averages (C) discussion and problem solving workshops
(B=) social and economic factors
185
® ]
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Averages
(B, fundamentals (theory and research)
(C+) applications

46, How did this course compare with other engineering short courses you
have taken? (in usefulness, content, interest)

% .
( 0) the best I have taken-
( 18) Better than others I have taken
( 25) about the same as others
( 12) 1less satisfactory than others
( 25) have taken no others
N+32

47. Do you plan to do futher study on the topics in this course?

(17%) yes, as part of job

(23%) yes, on my own time

( 0O%) doubt that I'll do more stuily

( Ov) am sure I won't
43. Do you plan to discuss the information gained in this course with your
company colleagues? (73s) supervisor? (73s)

49. Will the course materials be useful to you in your work?
(31v) expect to use them regularly
(64%) may use them
(5% ) doubt that I'll use them N=22

50. Do you think that taking th.is course will help your professxonally?
: If so, how? Yes=22 or 69% g

51. Would you recommend this course to a ;blleagug? (7%) No (93%) yes N=30
52. How might this course be improVed? 20 people made suggestions

53. I would like to participate in a short course on: 11 ideas

Other remarks? 6 comments

The NSF Evaluation Project Team is planning to conduct case-studies on engineers
who have taken short-courses. If you are willing to participate in two brief

interviews, to be scheduled at your convenience, and to permit us to interview
your colleagues and supervisor, please fill in your name and phone number below:

]

Name__

Phone No.

(area code)

( ) prefer telephone interview
( ) want further information
( ) do nct wish to participate
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AIRPORT

Participants' Suggestions for Improving the Course

Content

Morc talks of how to improve an existing airport and facilities and not
how to build a new one. There are very few new airports in the world(

Too much emphasis on planning; split planning and design more equally. (2)

Extend course to cover more design considerations, or separate it into
two diferent courses, one for planning, one for design.

More practical planning approaches from the airlines' point of view.

More discussion on problems of smaller, growing airports--not just relat-
ing examples. to major world airports.

More cmphasis on multimodal--and an airports system planning, i.e., a
system of airports. '

Cargo lecture is too specific--should be restructured to focus on how
carge fits into the entire system--financially, operationally, etc.

Sncakers

It would be difficult, but all instructors should review each other's
notes so that repetition and overlap can be avoided.

Have speakers add index for abbreviations in their notes to eliminate
student confusion.

/ Six topics were presented by consultants. Five of the six were by P.M.M.
This gives the appearance that they have the only experts available and
pleces other consultants at a disadvantage.

Try to providc equal representation from consultants who give presenta-
tions. P.M.M. was overly involved in program.

Improve quality of presentatiuns.

Hive more professionals for presentations and fewer academicians should be
involved, as they are out of touch with the realities of the business.

M-st speakers were incredibly boring. Perhaps a different format should
¢ tried. Panels were hetter than individual speakers.

Q 1-71)
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Spcakers (cont'd)

Broaden the range of speakers--seemed like too inbred a group. Increase
participation by practitioners (the airline executive who participated
in fleet planning was good.) Gosling's stuff was much too basic. Kanafani

needs to add life to presentations. Environmental presentations were
useless.

Speakers should refrain from speaking on the subject matter only as it
relates to their airport.

Your expert speakers were obviously well-qualified in their fields, but

they were apparently not too excited about participating. Please don't
teach FAA manuals.

Put more emphasis on new techniques, ideas, etc.

Eliminate complicated subjects unless time¢ is allowed to properly address
the subjec:.

Discussion/Problem-Solving

Participants can learn muci from each other. Encourage contacts.
Increase the discussion sessions (3)

Would like to see additional problem solving §essions. (2)

More case studies. (4)

Develop problem-solving atmosphere.

Discussion on the effects of deregulation.

Organization/Scheduling

Organization of seminar overall was good.

Lengthen coursc to S5 days with longer lunch. Find a decent hotel (other
than Hotel Durant). Provide more information on San Francisco (eating,
entertainment). Schedule more social gatherings--luncheon or dinner with
guest spcaker or informal activities.

Daily lecture schedule rather long.
Extend course to full week. (3)

5 to 8-hour days oo short. Evening sessions would be appropriate to
hold it to a week.

}

17




.

C.5.P.13

Organization/Scheduling (cont'd)

Fewer topics/greater detail.

Increase the amount of topics, the amount of subjects in each topic
and discussion sections.

Limit lectures to one hour between breaks. Need classroom work with
field trips appropriate to the course and location. Bay Area has much

- to offer those of us in less sophisticated environments in terms of

facility experience.

Course Mafcrials

Lomplete list of bibliographical materials in these fields; brochures,
pamphlets, pictures--All should have been given out as a package.

Include some casc studies on handout.

Resbonses to Q. Describe the ideas and techniques you found most valuable

1979

1978

Class

Because each topic was necessarily general in nature, I believe the most
important aspect was in providing references to both design and planning
texts, but also to individuals and companies in the field.

I got the impression I'm on the right way toward doing my job!

Terminal cargo--good "rule of thumb" technique useful in landside
planning.

Economic planning--provided good background on the cconomic overation
of a larger airport. Will help one provide advice to clients.

Class

Design and operational techniques.

Those relative to facility planning (as opposed to land usc and runway
planning).

All have assisted in refreshing my knowledge of various aspects of
planning.

General background

Design for flexibility. -l (
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1978 Class (cont'd)

Airline planners' discussions of operational needs and planning criteria.

Airport management in face of deregulation; environmental impact state-
ments. .

Airport planning and projection of needs.

Perspectives of Washington-level environmental people and air cargo
managers were hclpful.

Design of apron and terminal facilities.

Forecasting the demand for air transportation. Also, environmental and
noise sections.

Recognition of various perspectives of noise problem.

The idea that there are several points of view on any problem.

How Course Helped Them Professionally

The most frequent answer was "By broadening my background." Some other
examples:

The major benefit of this course is to become more knowledgeable in some
areas so as to aid in professional interactions with individuals in those
fields.

Currently involved with many issues covered in the course.
In gaining a more general knowledge of airport planning and operations.

Update information; identify sources of additional information--notes
and references.,

Introduction to ncw work arca.

In planning and administration, coordination and problem studies.
Gave mec insights i;to planning and design neceds of airlines.

To keecp up with rapidly changing field of noise evaluation.

Fundamental technical knowledge.

173 .
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-,

It brought me up to date and refreshed my knowledge of the industry.

Perspective and personal contacts. )

Gave me good concise information that I can use everyday. o

°

What They Expected To Learn, But Didn't

Class
Less theory--more/practice B
Course has too much "what" and not enough "how" .
Specific detailing on design

Much of course was a review type approach. I needed more fundamental
material.

I expected more precise definitions, examples of some aspects of this -
course.

Alternative airfield design concepts.
Site location decisions.

It there was a national scheme for déQeloping airports. It seems this
is a hodge-podge industry.

Would have enjoyed a little more direction toward general aviation
activities and operations. '

Class
More emphasis on multi-modal transportation planning.
New ideas or techniques.

{

A little more 'hands-on' analysis exercise in, e.g., capacity or gate
occupancy.

Morc specific case study situations.
More student input.
Planning

Morc state-of-the-art information--i.e., forecasting advances.

17,
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Responses to Q. 53. "I would like to participate in a short course on..."
(1978 & 1979 groups)

[N

Financial management, planning; airport economics with emphasis on cost-effective
. approach to design, construction, and operatibns. (5)

Airport architectural design and constructions; actual design applications;

~aviation facilities (2) (as related to bush and developing countries (1)
(Total - 5) , -

Airport environmental planning, growth and management in land use
planning (3)

Transit planning: engineering education/urban transportation planning and
policy analysis; multimodal system planning (3)
A

General aviation  (3)

Airline and airport management and marketing (2)

)

/Those that might examine individual items like runway capacity in greater
detail (2)

Forecastiﬁg (1)

Lease agreements on airports; finaacing alternatives, airspace capacity and
analysis (1)
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EVALUATICN CF THS EXPCNENTIAL SMCOTHING AND ADAPTIVE FCRECASTING ’
TECHNIQUIS CCURSE OF JUNE 27, 1979. U.c. Berkeley, Continuing
.Education in Engineering. (Prof. Robert M. Cliver, Faculty

Yember in Charge.) , |

Evaluators: Martha Maxwell, ?h.D. “
' Carolin Showers, M.S.

Nineteen of the 26 students enrclled in';the Exponential,
Smoothing and Adaptigg~§g£;§§sting CEE Course (June 27, 1979)
returned follow-up questio ires. Although the 53 percent of
the class who responded may not be representative of the total
class, their responses suggest that the class was widely diverse
in regard to preparation, experience, and expectations for the
course. Considering the heterogeneity of the group, - it is not
surprising that student evaluations of the course were mixed.
(See Appendix attached for response distributdons.)

Six students (32% of the class) said.they Had taken no other
courses in forecast’: . while 13 had. However, some of the latter
group wanted and (:. :rently) needed an intensive review of basic
fundamentals'so thav even if admission to the class were made
contingent{ on students' completing basic courses in forecasting,
the class‘would still contain pedple with diverse needs and there
would be a good chance that it would not abtract enough students.

- What this diverse group did have in common was an interest
in the subject and the motivation tc learn more about the field.

Teaching short coursesto such a varied group of students
boses many protlems for the instructor-in-charze! The following
are some teaching strategies 'used by other instructors in organizing
and planning such' information-intensive, one-day engineering short-
courses where students var - widely in background and experience:

--Alert students in advance of the courge to some basic
* materials to review in preparation for the cqQurse. These
might include a , ' textbook or summary articles. The easiest
way to do this is to include references in the course bro-
chure (or students could be sent a list before the course.)
Not all of the students will read materials in advance
& but references can be very helpful to. some students. Others
' won't review the materials before coming to the class, but may
be inspired to read them afterwards.
-- Plan a brief (about i hr.), thorough introductory lecture
. coverirg the basic concepts in the field and open the class
' with this. Explain that this information will serve as§_ a
review for the more advanced students, but will help the
_ others get a foundation for the rest of the course. (Advanced
= studen§s are usually tolerant and accept this kind of explan-
ation.
== It is essential that students be given a rather complete
outline of this introductory lecture that includes the topics,
key terms and their definitions, formulae, main concepts,
and some references. Underprepared students are less
critical of courses where they are given notes that they
can review afterwards, and , in this course, the majority
indicated that they planned to do further study on the
course topics.
_ Increasingly, engineers who attend CEE courses expect
good, well-organized, course notes to be distributed y
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14 .
‘instructorq and notes make it easier fior the instructor
to cover the course objectives in a limited time.
--Introduce’ each cour'se topic by presenting carefully selected
examples or problems, discussing these, and then presenting
the underlying theory. Discussing examples first reduces
the frustration of#” the less sophisticated'sgpdents while
maintaining the ixterest of the more advance, ones. Students
respond well to what they. consider real-life examples
or problems®. - A
--If possible, organize course around projects (i.e., have
students send in descriptions of their projects or collect
examples from students who have taken the«course before.)
--Set limits on the number and kinds of qQuestions students
‘may ask. Some'instructors answer only questions involving -
clarification during their presentation, deferring discussion
qQuestions until the end of the session (or end.of the day.)
If students are allowed to debate speculative issues it cau /
take a lot of class time and alienate the rest of the class
who feel left out. (Some Berkeley students are experts in
diverting the instructor’s attention from the course topic
by their questions.) _
-~ Allow enough time during coffee breaks for students to
. talk with each other and those who have questions to talk :
.to. the instructor. (Note:-15 minute breaks are often too \\\-
short-- 20 minutes are better, if they can be arranged.)
-- CEE classes often vary in composition from one time to another.
If a few questions are included on the course brochure
for students to fill out and send in with their registration
fees, the instructor can .get some ad vance information about
the kinds of people who'll be in the class. For example,
. questions on demographic characteristics, interests, and
experience in using various forecasting techniques,
typves of porjects involved in..could be asked. This information
. would help the instructor in planning the course and also .
help the students recognize that the ilnstructor 1s aware of
their needs. . ' '

1 3
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June 27, 1979

EXPONENTIAL SMOOTHING & ADAPTIVE FORECAST NG
TECHNIQUES FOL{LOW-UP QUESTIONNAJRE
(N=19 Questioqnaires retu:ned out of 36 sent)

The National Science Foundation has funied U.C.B. Extension to evaluate the
quality and usefulness of its engineering short courses. Your responezs to
this questionnaire will help us improve our courses and develop an evalua-

tion model for other courses.

/
We appreciate your taking the timc to answr . these questions.
V. What is your job title? See page iv.

6-8. Your highest academic degree?

BA (2); BS (5); MBA (2); MS (6); P.h.D. (3) Year received?
* -10. What 8 of your tire is spent in: AVERAGE
( ) managerial duties 20%
( ) technical duties 80%

( ) other (what?) (marketing mentioned by 2)

ll1. Do you work primarily as a |
( 7 ) corporate planner Other? (what?) 12

12-13. For how many years has your work involved forecasting?
0=2; 1=1; 1-2 yrs.=6; 3-5 yrs=5S; 6-9=2; 10+=2

14-26. What were your goals in taking this course2 Rank order the following
using #1 for the most ‘mportant; #6 for least

How well were your goals achieved?

, not at some very no.
(Y Learning the fundamentals of a field all what well resp.
new tc me (6) 31s (11) S8s (0) (2) 1lls
[ ]
() improving problem solving ability (4) 21s (9) 47s (1) 5% (5) 26%
() updating knowledge (1) S» (13) 678 (3) 16% (2) 1ls
( ) acquiring a perspective for decision-
making (3) 1les (10) S53% (3) 16% (3) 1és
mekting others in the field and
finding out what they're doint (9) 47% (4) 21s (0) (6) 32%
improving general job skills (ZLA;E\ (9) 47% (2) 11 (5) 26%
.ev (specify) ' () () ( ()

e
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27. was there something that you expected to learn in the course, but
didn't? If so, what? ‘

See P.Y.

28-30. Please rate the course on the following? S

pace (4) toa fast (8) about right (7) too slow
length (3) too long (5) about right ! (yl) too short
level (2) too easy (9) about rigrt (8) too hard -

3J1. Please describe the ideas and techniques you found most valuable
and how vou plan fo use them.

See P, VI.

3J2. nRrate the following aspects of the course using A=Excellent through F=poor.

A B C D F No answer
( ) fundamentals 4 2 7 1 3 2
( ) theor : 3 4 5 1 q 2
() app'i-- -las 6 3 1 2 6 1
( ) Audio-. . . al systel 11 5 1 - 1 1
( ) use of - ...puter
termina: 10 4 - 2 - 3

3J3. ,Have you -aken other courses in forecasting? Yes=13 No=6

|
34:.  How dces -nis course compare with other engineering courses you have ta,en?
(in(ﬁfefulness, ~ontent, interest)

(9) -eha best I have taken

(3) becter tran others I have taken
(3) about the same as others

(5} less satisfactory than others
(8) have taken no others

35. Do you plan to do further study on the topics in this course?

(12) yes, as part of my job

(9) yes, on my own time

(3) doubt that I'll do more study

(0)~am sure I won't ' /

36. Have you discussed the information gained in this course with your
/ company colleagues? (17) supervisor? (15)

37. Will the course materials be useful to you in your work?

(2) expect to use them regular.y (i3) .ay use them (3) doubt that I'll use
them

(lz expect to use, but not regu.iarly

38. How might this course be improved?
See P. VI
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39. I would like o narticipate in a short course on:
See ed ;oq.;

Other remarks’

3ee p.viy

The NSF Evaluation Project Team is planning to conduct brief phone interviews
with participants of this course to assess the usefulness and applicability
of the information covered. 1If vou are willing to take part in a brief
interview, to be scheduled at your convenience, and to permit us to interview

your colleagues and supervisor, please fill in vour name and phone number
below:

Name

Phone No.
(area code)

( ] want further information
[ ] prefer telephone interview
([ ] prefer that you contact:

Na-.2

Phone

Job title

[ ] do not wish to participate Return to XT 37 Engr. Extension
2223 Fulton St.
Berkeley, CA 94720




Replies to 4. 5- 4Ahat ie vour job title?

Sr. Programmer/Analyst

'Financial Analyst

Systems Analyst

Sr. Assoc. Systems Analyst
Director of Analytical Servicés
Senior Cperations Research Analyst
Narketing Analyst

Planning Analyst

banager hanpower Flanning

Sr. harket Flanning Analyst
Assoc. Civil Engineer
Analyst/lrogrammer
Administrative Analyst
Forecasting and Plapning Analyst
Kaﬁager of Planning

Assistant Dean
VNathematician/Programmer

Senior Associate (Consultant)

¢c-6 P.6
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Responses to Question: Was there something you expected to learn
in the course, but didn't? If so, what.
--reason for using exponential smoothing model vs other techniques.

--I1 thought the course would concentrate more on different formulations
of adaptive forecasting. :

--hore practical discussion of forecasting techniques and use of
the computer.

-~ Specific model formulations.
-- A factual, non-theoretical approach to forecasting.

-- A practical and simplified method for doing forecasting via
exponential smoothing.

-- Hands-og experience. -

-- Exponential smoothing.

-- No.

-- How to actually apply the theory.

-- Expected to see a more balanced apprcach between academic and

professional presentati~n perspective. Too much Greek/ Could
have been done in a more verbal context much better.




~Responses to Question: Please describe the ideas and technigues ,ou

found most valuable and how _you plan to use them.

-- Smoothing & forecasting of low data rate (1 sec. >sample>15 mins. )

Instrumentation systems.

.-=- Have already used double exponential smoothing to arrive at a

forecuast based in extensive professional situations. Find it

most useful over very large sample bases of sound data - a rare
practical occurance(s«~)

--Not applicable.

-- 1 can apply E#NA Technique and Holt-Jinters Nethod, maybe adaptive

forecasting to my new responsibility.
-~ Effect of smoothing constant.
-- 2ip.

-=-Forecasting bookings & billings via exponential smoothing.

-- Basic ideas substantiated knowledge already acquired and reinforced

decision to use these techniques.

-- The general concept of exponential smoothing using trend and

seasonality is directly related to the forecasting software
package we use.

-- Basic formulations may help in addressing forecasting problems.
Mot sure how far 1 could get without further reading, however.

-- The adaptive forecastin,” part was valuable. However, it was too
short.

-- lagged autocorrelation (?)

lesponses to Question: How might this course be i oved?

-- Applications requiring judgmental ass‘ssment of modeln/

-- In general, the course was too easy for me. I w_uld prefcr a more

theoretically oriented course.

-- Nore practical discussion of forecasting techniques and use of the

computer.

-= Nore handouts.

-- Give additional time to forecasting fundamentals. Get away from
theoretical to practical examples. Use real data or participant

supplied data as examples. Have students participate more -- need

more of a workshop atmosphere. Definitely provide more time.
-- More practical. More organized. Faster paced and shorter.

-- Nore thenry. Prerequisites for admission to course. The prof.
should prepare a lecture! 18,}

-=- MNake clearer which parameters are derived (and how they are

derived) and which are estimated (& the “ases for the values chosen.)

g
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How might che course be improved? (Cont'd)

The courée was not aimed at me. It was too technical and too
quick. By the time I had assimilated material we were long past it.

More down-to-earth explanations -- too much theory.
Due to the mixed-education background and work experience among _
the audience, it seems lacking the interation between the instructor

and the audience. I would like to see the pre-req. be enforced as
the condition to enroll in this course.

Take it out of the theory level and discuss it in layman's terms.

Take out the Greek and use English language descriptive nouns.

Nore exposure to smoothlng/forecastlng technology from signal
processing theory.

hore time on the computer.

. Cther remarks?

I can justify a weekend short coursc to myself easier than weekday
courses to my company.

Keep me posted on course offerings. ‘ “

-1 have had 3} graduate level statistics courses from a psych. dept.

and dn NbA which also required statistics. The course description
said that a person should have some familiarity with statistics.

I even called the instructor who said that as long as I understood
standard deviations and correlation, I'd be fine. wWell I wasn't.
I wasted a day and the tuition.

The course should have been billed as one for people actively
using exponential smoothing methods or (those with ?) advanced
statistical backgrounds. The pace was much too quick for someone
who was unfamilar with the topic. It was not broadly aimed at
general business problems. I'm sura an analysis of questions asked
would show a great prep_onderance revolving around academic oriented
technical questions (both in numbers and time spent) rather than
appiications or problem-solving questions. The course was pro-
bably of value to some people but not to me. As a result I
will certainly be more cautious in selecting or recommending
future options. P.S5. 1 might add that this course was described as
being for business people and not exclusively for engineers.

P.P.S. The instructor made poor use of the time he had. ror
example, he got a late start and then got hung up in the descrip-
tion of his multi-colored syllabus and the rest of the day he was
pushing trying to make up lost time.

As I get worked up again ( I had mellowed out since June 27
I remember one of his statements early on where he decided not .o
cover some very basic information like when or how should I
forecast, what is special about my data, etc. He said the material
had been covered in a previous courses and that there were some
familar faces so he wouldr'+ both~r to go into it again. I was
not a familar face.

184



== The course was advertised ag direc

individual. It was not. The course could provide information
for a technician adequately. There Still remaij

r ins a real need for
a forecastlng System for the non-engineer. \

Responses to the Question - I would like to Participate in a
short course on:

== Any signal detection, process, tracking, pPrediction, filter.
Any coding information theory.

-- Keep me posted on course offerings.

=~ lorecasting techniques like time series analysis ( i.e. Box-Jenkirn
& adaptive forecasting technique.

-- basic forecasting. _ . .
==~ Cther forecasting techniques- demographic - economic.

== technology forecasting (substitution, growth curves, etc.)

18; ‘. T
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EVALUATION OF THE EARTHQUAKE ANALYSIS OF MULTISTORY FRAME AND

SHEARWALL BUILDINGS COURSE OFFERED BY UNIVERSITY OF CALIFORNIA,
BERKELEY, APRIL 30 - MaAY 1, 1979.

(Kenneth Wong, Ph.D., Faculty Member In Charxge)

Evaluators: Martha Maxwell, Ph.D., N.S.F.
Project Director

Caroljn Showers, M.S.,
Research Assistant

The material in this report is based on work partially funded by

the National Science Foundation under Grant No. SED-78-22138.

Any opinions, findings, and conclusions or recommendations expressed
in this report are those of the authors and do not necessarily
reflect the views of the National Science Foundation.
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Background & Purpose of the Course

The National Information Service for Earthquake Engineering
(NISEE), sponsored by the National Science Foundation (NSF),
distributes computer programs for earthquake analyses of
structures. These computer programs (or codes) are developed
at universities (primarily at U.C. Berkeley) under NSF grants.
Codes can be purchased by the public from NISEE for $125-$250.

The purpose of this course is to describe four computer
codes for earthquake analyses, to relate practical experience
in their use, and to demonstrate the problems for which they
can be successfully applied. The course serves both as a way
to advertise codes to engineers, especially those in small
companies who are unfamilar with them, and to update the under-
standing of engineers in larger companies who have already
purchased and are currently using the codes. The course
coordinator made special efforts to encourage present owners
of the codes to attend so they could improve their understanding

of the types of problems for which the programs should and
should nnt be used.

The coordinatnr expects that participants in the course
will have varied experience and background. Most are expected
to be structural engineers, involved in the design and analysis
of buildings who have had some experience with computer applications
in structural design but not specifically with programs geared
to earthquake stress anaiysis. The coordinator anticipates that
‘architectural engineers and state and city engineers who oversee
building design will also attend.

In order to profit from the course, the instructors expect
participants to have some background in fundamental building
analysis, at the level of an undergraduate course in dynamics.

The six speakers were chosen because they participated in
writing the codes taught during the course. Four are from
academic backgrounds -- two University of California Berkeley

- professors (Wilson and Powell) and two of their former students
(Row and Hollings). The other two instructors are practicing
engineers who have a great deal of experience in applications of
the codes (Habibullah and Fintel).

The course is organized in four parts by the computer
codes: (7'ABS, ETABS, DRAIN 2D and DRAIN-TABS) Instructors
introduce each code, give examples of its applications, and
discuss the limitation of its use in certain problems.

Input manuals for each of the four codes, including a brief
explanation of the theory for each, comprise the course materials.
In addition, materials showing actual examples of how to use the
codes are given out.
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After attending the course, participants are expected to
gain experience by using :he programs in their design work,
gradually learning the types of problems to which the codes
can be successfully applied.

Results of the Evaluation

/s
4
Questionnaires were passed out to participants oA/the last
day of the course and returned by 49 people of the 5 ho
enrolled in the class. Eleven students were interviewed by
phone one to two months later.

Student Characteristics

i

The student/group had very applied interests and work
primarily in stfuctural design and analysis. They are fairly
well-educated, with degree level split evenly between Bacﬁe}or's
and Master's with just 3 Ph.D.'s. Most (63%) received their
degrees after 1965 and spend more than 90% of their time in
technical duties. Half say that their work has involved earth-
quake engineering for more than 5 years. Most had performed
computer analyses before tiking the course and applied computer
results to building design. Forty-three percent have written
applicable computer codes while 10% had no previous experience
with computer programs.

ost people came on théir own initiative, while 24% came
at tli®ir supervisors' suggestions and 18% were selected by
their companies. Eighty percent had their expenses paid by
the company, while 42% received released time, and 27% noted
that their companies strongly encouraged attendance.

Student Evaluations

Most participants say they took the course to learn and
update their information on computer applications. Students

felt that the goals of updating applications and meeting othersy

were well satisfied. Those who wanted to learn new applications
and gain perspectives for decision-making were somewhat less
satisfied with the course. Most people were interested in

the TABS and ETABS programs, and a majority of persons felt that
they could use information gained about these immediately.

Fewer people felt they would use the DRAIN models immediately
although the majority said they might use them in the future.

Seventy-two percent said the course pace was about right,
while 21% found it too fast. The instructors' emphasis on
fundamentals, applications, theory, and research was judged
about right by most people. The only significant deviation
was that 30% felt there was tco little emphasis on applications.




The average attendee said he might use the course materials
while 39% said they plan to use them regularly.

Most (82%) felt the course had beneflted them professionally
and that their companies would benefit somewhat from thexr taking
the course. They gave a long list of reasons.

Half of the group plan to takKe addxtional courses. Most
plan to discuss the information with their colleagues and,about
half will talk to their supervisors about it. (Most students
(87%) saxd they would recommend the course to a colleague.)

Thirty five people made suggestions fci improving the
course. The most frequent comments were on the need to make the’
course more applicable for practicing engineers (e.g., more
information on the pros and cons, costs, etc. of different
programs) and increasing the length of the course (e.g., following’
it with a hands-on workshop). Also suggestions were made on
improving the materials (e. g., including sketches in the hand- -
outs, sending materials out in idvance of the course, etc.).
Some indicated they had problems following the talks of some of
the lecturers (e.g., they jump about too much).

Information from some of the interviews illustrate the.
different ways participants viewed the course and how they are
making use of the information they learned.

]
Case #1 - a president of a structural consultingtg;rM’éa;‘had
used a variety of programs for‘'structural analysi€, butiwas
not familar with quake modeling before taking this course.
He feels his knowl:dge has improved, he has used TABS twice,
and hopes to use the programs more because he finds them easy
to use. He has been designing high rises for a long time, so
his mode of desxgn will not change, but the computer programs
will assist in making preliminary analyses. He feels these
programs are the first that are cheap enough to use in actual
design process and are more efficient time-wise compared to
.long-hand calculations for a 30-40 story building. He states he-.
will probably go ahead with using a gstatic loading but thinks a
dynamic loading would give greater deformation although he's .
not too confident about the use of dynamic loading as input.
He's used the course notes only for TABS and says using DRAIN is
premature. He felt the instructors in the course gave impressive
presentations and appreciated the 'discussions of computer methods
when long-hand calculations were presented side-by-side with

computer programs. He needs this to justify the use of the '
programs in consulting. .

He feels the DRAIN (inelastic) programs are not -useful because
the physical processes are not well understood and clients would
not see the results as being. reliable.” He sdys the main benefit of
‘the course was to get programs which he can use economacally He
thinks the course could be impxowed if there wegre work sessions for-
‘Epdxvxduals to run sample progrqms themselves.

: —

’
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Case #2 - 4 director of research and development who felt he

did not have much preparation for ‘the course but wanted to know
how to use the programs. He feels Ne gained a lot of information
but found too many things were missing in the programs. Since
taking the course he has tried to set up a program but found it
impossible. He drove the data to the nearest uriiversity where
the computer department told him the job was impossible to run

on their machine. He's upset that he wasted material and time.

He complained about the errors in the programs and the 1
examples and felt that the speakers did not outline the capabilities
of each pgogram - do's and don'ts. Also he was unhappy because

there was no explanation about the numbers/notation system used
on the printouts.

™~ . He would like the programs to be available for remote
terminals and modified so they would take a smaller line (80
characters vs 132). He wants programs that are more flexible

SO that they could be used with small computers and suggests that
programs should take into account small and mcderate sized
buildings. (He designs 5-10 story buildings.) He feels *+hat

the course should be divided into two secti. :s, for beginning

and students advanced and scheduled for a longer period with

more hands-on time on the computer. He feels the programs
require major rewriting to be useful to his company. ‘

Case#3 - a civil engineer who was familar with the subject
matter, but not with the computer programs before taking the
course. He feels he would have gained more from the course and
understood more if he had some experience and hopes to have

time this summer to become more familar with TABS. He has taken

an earthquake analysis course offered by the Structural Engr's.
Association. '

He says he has no need for the programsé in his work. His
firm designs hydroelectric projects and does not do too much. \ ] .
structural design. Although he expects to use the TABS program '
eventually, he feels the other programs are too sophisticated.

He complained that the notes used symbols which were not
defined in the ndtes; and thinks the notes should include a
simple example dgne both in the lcng-hand method and by computer.
He feels the notes could have been more graphic.: :

He would like to take a longer course and commented that
"Where elso could an engineer learn this without taking a M.S.
at Cal.?" He feels a semester length course would be good
because students inead time to ask questions and work through
the computer prodrams on their own.
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He felt the main benefit of the course to him was that it
introduced him to uses of four programs and that he learned
abcut programs available from other companies. He expressed
surprise at how inexpensive the programs are to use -and liked -
the opportunity to get together with other structural engineers,
to ask questions of the people who wrote the programs, and to

learn what information NISEE distributes, and the problems
other users had. -

Summary and Recommendations

The course was successful in that most of the participants
were satisfied that it gave them a good introduction to the
computer codgs available for earthquake analysis of shearwall
buildings. 8 is true in other CEE courses, many students
who completed this course expressed a desire to take more
intensive colirses on the topics presented - e.g., a longer,
hands-on wamkshop. About half of the students wanted a
longer program, and most of the suggestions for improving the
course would involve lengthening it or providing alternative
sections for beginning and advanced students (i.e., more in-
depth opportunity to work out problems with the computer,

more opportunity to talk with others who are experienced in
using the codes. etc.). -

In ganeral, the course appears to meet the needs of the
students wno take it, however, the faculty member~in-charge and
Extension might investigate the feasibility of offering a
longer course, alternative sections for beginning and advanced
students, and/or a hands-on workshop as a follow-up to this
short-course.
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EARTHQUAKE ANALYSIS OF MULTISTORY FRAME AND SHEARWALL BLDGS.

Questionnaire
N=49

fonal Science Foundation has funded U.C.B. Extension to evaluate the quality

and usefulness of its short courses for engineers. Your responses to this question-
naire will help us improve our courses and develop an evaluation model for other
courses.

de appreciate your taking the time to answer these questions.

5.

6-8
A

9-12.

13.

14-18

19-22

:7_9
(b6]

(b4]

(33]
3 b

What is your job title?
Your highest academic degreas? . Ph Py Year? 76-793!0
Aaleszay; Ms[Mazal) A= 215 « 10
. What ¥ of your time is spent in: L‘?Z:“ 'f
eroge [ 1] managerial duties boor tess « 1 &
{32 ] technical duties
[ 2 ] sales/marketing
Do you work primarily in:
[e-id Design & analysis of structures
(10] Computer program development
{ 13) Computer applications
{;=] Oother (specify)
How many years has your work involved earthquake engineering?
LrY a-35 e-i0 W=1S§ ‘ot yrs.
Te 3 T{ T o 23
. How much experience have you had in using computer analysis techniques
for designing buildings?
(4% Have written applicable computer programs.
(M9 Have performed computer analyses.
(76 ] Have used and interpreted the results of computer analvses.
[ 4] Have had other experience. Explcin.
(16] Have had no experience.
. What were your goals in How well were they achieved?
taking this course?
not at all somewha.t very well
(@% E:xy) (40%]
Learning new computer application to
earthquake engineering
updating knowledge of computer appli-
cations to earthquake engineering (9] “92] (4673
perspectives for decision-making (71 52] [ $02] (353
meeting others in the field and
finding out what they're doing XA (S0%] ["WJ
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Did you find anything in the
course that you could use
immediately? 1f so, what?

Did you find anything in the
course that you can use in the
future? If so, what?

23-24. Tp%s .33—;1 31 %
25-26. ETABS 7y 27
27-28. DRAIN 2D 1< p Wy
29-30. DRAIN-TABS /0O 2

o~

(On the reverse side, briefly describelthe ideas and techniques you found most
valuable and how you used them.) (ch. List crrache d)

3!. How did the pace of the course suit you? [23t00 fast (73] about right

(¢] too slow
How would you rate the instructors' emphasis on the following?

too much about right too little
32. fundamentals (%13 (£2] 7o C[e]19n,
33. application (2] (67] (29]
34, theory (ro] (78] ' {ra]
35. current research (ro0] (23] (19]

36. How did this course compare with other engineering short courses you have
taken? (in usefulness, content, interest)
M%) the best | have taken
(28] better than others | have taken
(38] about the same as others
('S] less satisfactory than others
(18] have taken no others

37. Who initiated your decision to attend this course?
(622 you (2% 12 your supervisor V8% selected by company
(Seme theched morl Hhanone )
38. How does your company support/recognize attendance at courses iike this one?
(39}%company strongly encourages attendance
(7¢] company pays fees and expenses
(/] company grants released time (time off)
(@] course attendance increases possibility of promotion/raises
[&6] no particular encouragement

39. Do you plan to seek further instruction or do further individual or company
research on the topics in this course?
(¥ major company research area
[57] plan to do considerable research on my own
(47] plan to take additional courses
(2] no
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40. Do you plan to discuss the information gained in this course with your
company colleagues? (3% supervisor? [$/70
- 41, Will the course materials be useful to you in your work?
9% expect to use them regularly (§€%omay use them
(6% doubt that 1'11 use them.

C b2, Db you think that taking this course will help you professionally?

2 Qa%e
If so, how? No=x b Mo
50 ow Somewhar = 12 Mo

43. How much will your company benefit from sending you ‘to this course?
(18Twa great deal [728%Posomewhat (4Ts not at all
Explain:
kb, Would you recommend this course to a colleague? [/SPano  [#aThyes

45. What one suggestion do you have for improving this course?
23 saqqe sTioRS

~
~

The NSF Evaluation Project Team is planning to conduct case-~studies on engineers who

have taken short-courses. |If you are willing to participate in two brief interviews,
to be scheduled at your convenience, and to permit us to interview your colleagues <
and supervisor, please fill in your name and phone number below:

NaMe .

Phone No

[ ] prefer telephone interview
[ ] want further information
[ ] do not wish to participate

l do [ ) do not [ ] wish the information | give to be released to my company.
[ ] Please send me a summary of the final report.

19 ';
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WRITTEN QUESTIONNAIRE RESPONSES

Q.1. Wwhat is your job tiftle?

Staff

3 Engineer
Engineer II
* Structural engineer
Project engineer
Civil engineer
Design engineer
Designer .
1l Structrual designer
2 Chief engineer
Consulting engineer
Research engineer
11 Senior structural engineer
2 Associate engineer
Associate research engineer

(VLIS Y

Managers
2 Project managers
Computer ‘Department
Chief, Structural Engineering

Directors

Vice-president
President

Other

Student
Professor




Q.

1)

2)

3)

13)

15)

24)

37)

48)

c.7 P. 11

23-30. Briefly describe the ideas and techniques you found
most valuable. and how vou used them.

r

Response spectrum and ¢tatic aralyses are technlques which
I intend to try to use ci. future projects.

Clarification on the de:ails of the software construct--

very useful in trying to adapt complex models for use in
analysis.

The most valuable idea is that_ the dynamic behav1or of

the ~omputer models is more dependent on the’ input ground
motion than on the type of program or the elements of

the structural model. Therefore, since the real earthquake
will not perform per any specifications, I had better
ignore detailed computer analysis as:a source of design
decisions and design per U.B.C. with all ics ﬁinaccuracies“.

Learning the restrictions of TABS. ' !
I would be very interested in further courses that 1nclude
othei multi-purpose proarams--SAP, EASE, etc.

Course serves as 2 basic introduction-to the use of these
programs.

This two-day seminar reinforces scme thoughts which 'I have
experienced from tine to time, name.v that- the structural
engineer is not paid commensurate to the expertise that he.
is required to have in order to practice his profeszion.

He is too busy chasing the state of the art and wofking,

and so far hasn't taken the time to beat his own drum and
carry out a P.R. campaign to let the public know his worth..,
IC research is neceszary to improve earthquake engineering,
but we may all drive busses if the structural engineer's
relative worth isn't advertised. (Opinion.)

- The main important idea to me is to realize the limitations
of TABS. It it essential to know what is not allowed in
mcdeling, arnd what is not a good idea to do.

We use TABS and DRAIN-2D occasionally (usually SAP). This
course gave some good modeling hints and techniques. Also, 1
gained a greatver appreciation for the limitations of these
programs and 1'.l be more careful and aware.

TABS & ETABS presentations were a disaster! Drain 2D was -

. excellent by Powelil. In any case we feel spending so much
research money without having the remote terminal use possibility"
is wrong, especially for average pur shearwall bldgs. where the
number of D.0O.F. is small.
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Q.42. Do you th1nk this coyrse will help;you professionally?

If so, how? ‘

Yes = 26; No or not very much = 3; Possibly =1

Yes - Any exposure to better technology in this field helps

you professionally.
- To avoid errors.
Enables me to verify design by computer modeling
should job/client indicate.
- becauvse (it will enable me tp make) fast decisions
and fast results in my profession.
- by applying computer programs.
- the information was directly applicable to my job.
- in my favorite field. .
- develop stxructural models.
- becoming increasingly familar with these programs
will help me decide which progrdm to use.’
- better understanding of capability of programs. )
-+ as knowledge of structural behavior of buildings “
increases more desi emphasis will be needed to
use this knowledgequThis class helped me gain
knowledge I can useé.
- It will enable me to solve design problems in a
* better manner.
- There have been many developments since I graduated
72,
- To use available ‘computer programs for building design.
- but not in the immediate futute.
= to further my background in the state of the art
- research and application of structural engr. programs.
- 2 have not had previous exposure to Berkeley programs
which are generally accepted by the engineering field.
- current analysis procedures help design and productivity.
It gives a better view of ana1y31s techniques that
are available.
= I gained 1n51ghts that will be useful in technical
analy51s and review of dynamlc analyses and ‘in
gdvernment contracts.
- it increases my range -- what I can do.
- it may improve the efficiency of my department through
the use of these programs.
‘- gives me more tools.
“ - by keeping up with advancements.
- broadened my knowledge in codes other than Sap4 and
gave ‘me a better concept of non-linear behavior.
- I know the capabilities and limitaticns of TABS & ETABS.
- The knowledge of current research and use of computer
‘programs is important to.structural engineers.
- We use computers all the time and increased familiarity
with these types of programs can only help.
- Now have a basic understanding of dynamic application.

Not unless I pursue better explanations by better course
presentations.

Not very much - need instructors who are better prepared &
generally better at their jobs.

No - not much for now - there is no direct applicability
4t this time. ,

Possibly - get a job and/or start my own outfit.
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Q.43. Continued

Not at all

c.7 py

s

- The supervisors all are very familar with
these types of programs and the assumptions
involved. It will only help me.

- older members of the office feel less com-.
fortable with computer programs. They would
like someone to be able to understand them.

not enough practical explanations and
applications presented to benefit mpe
company. ’

- The goal of my company in sending me- to
this course is to develop a skill using
minicomputers to solve structural design
and not using existing programs.




. Q.43.
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How w111 your company benefit from sending you to this course?

Ans.: A great deal = 7; Somewhat = 16; Only a little = 1;
Not at all = 2,

May improve the eff1c1ency of my department through use of
these programs '

A great deal - I will pass this information on to all

others in our firm.
- We're in the process of developing computer

analysis¢

- No one at our company is that familar
with TABS.

- it will improve the capability in earthquake
design.

i

= the use of these programs is increasing.

- we are on the threshold of designing major
concrete ductile frame building (40 stories high
and up to 60) and need to understand and
.perform sophisticated analysig to increase
judgment and capability.

Yes - I became .aware of alternatives and realize that we
do not have in-house capabilities to use programs.

Only a little.

Somewhat

knowledge of current research analysis techniques
are 1mportant to our program.

.the supervisors are all very familar with these

types of programs. The course will only help me.
many of our current projects are too small for
these applications or they're made of wood.

the cost of course is so high that it will be

a long time before my benefits from using

what I learned outweigh cost.

there is no direct applicability at the present
time.

we use, or will use, these programs occasionally.
our company product is not directly related

to computer programs.

I'll hold in-house seminars.

we don't design many high rise bu11d1ngs in

our office.

I suspect the time required for learning 1 ut/
output data will be reduced.

only a small §% of our work involves structural design.
We would usually pay Oshraf to do this!

it will increase our capability.

I will be able to be involved in inelastic
analysis projects.

We use TABS & Drain 2D occaulonall" (usually SAY).
This course gave some good modeling hi .s and
techniques. Also I gained a greater appreciation
of the limitations of these programs & I'll be
mgre careful and aware.

199

h )




00450

1)

3)
4)
5)

7)

8)
9)
10)
" 11)

12) °
13)
15)
19)
20)
21)
24)

25)

26)
27)

'28)

29)
30)

31)
32)

33).
35)

37)

41)
42)

43)

- : c.7 p.1%

What one suggestion do vou have for improving this course?

spread if out over many evenings with access to computer to
experiment and becgme familiar with software discussed.
Make it less expensive. (69 participants x $225 = $15,525)
Send notes beforehand fpr familiarity. , ’
The speakers des¢ribing the input and output must be more .
professional than academic--to keep interest in listening
and understanding.

There should be long-term courses emphasizing applicability
of computer programs. :

Add workshop for actual usage of programs.

Seems OK<-next would be workshop. .

Write brief explanations cn*cdﬂpuéet sheet.

Provide more background information relating to previous

devglopments by MTS\leading to present state. of art for
bet¥er continuity. '

A bit more background in fundamentals.

Find a better location.

More practical application of modeling techniques.

Better preparation of reference material.

More emphasis on useful tools.

3 days instead of 2. -

Examples should be of a smaller size so we can take
examples into our office tdé test run.

More emphasis on topics not covered in manuals--advanced
problems, program characteristics, (stiffness degradation)--
distribute manuals prior to course so basic information would
not have to be covered in such detail.

Loweé cost to make available to more pwople.

I had problems yelating a practical use for "Drain" in its
current state of development. ‘

Put audience in the ballpark when subject matter is changed.
Several speakers were so involved in their topics that chey
were difficult to follow. When speakers jump around, they
tend t> assume audience has same "familiarity with topic or
exampie problem that they do. A little more qualifying
would be useful.

More examples of modeling and modeling techniques.

For me, the info. on DRAIN was good for background, but

too much time was spert on it compared to its practicality.
More streamlining, better preparation of lecturers.

The sketches to the distributed computer output should have
been copied.

None!

Course should emphasize more the benefits to practicing
engineers.

Stress modeling techniques, but not actual "how to input."
Anyone can read the manual for input.

More than 2 days. -

More and slower presentation on non-linear behavior and
program assumptions.,

Get practical engineers to present materiai.
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Q.45. (Continued)

45) oOne day longer (3 days). , o ,
46) Present information on the .pros and cons of ,various programs
available to the practicing eungineer, e.q., cost comparison

of several commercial programs, presented somewhat like a’
consumer guideline. - ’

Present useful information of damping values to various
types of' structures that a practicing engineer may encounter.
Techniques on smoothing a response spectra that is attained
. from a soil's engineer: for input into a program. In other -
' words, basic practichl techniques required by the analyst \
. to perform a responge spectrum or time history nalysis.
47) Instructors who are better prepared and generally better .
’ at their jobs. L — p
48) Emphasize basic assumptions. Do's and don'ts. Also how to
use TABS, ETARS for shearwall bldgs. (no frame). Also gear
TABS for terminal users. ”

Suggestions’ From Interviews

1. found there were problems with sign convention$ in math
models and a few things that weren't included in the UCB programs
- (e.g., can't include cantilever structure in program).

A better way to piesent information is to have a work session
for individual to run sample problem himself. - ’ :

The DRAIN (inelastic) programé‘are not y:t useable bec&uqe ,
the physical processes are not welX\understood. ° A client would not' .
see¢ the results as being reliable. ’ S

2. A semester-long CEE course on similar topic. Need good first-
hand knowledge of topic to get a lot out of a short course. Need

a longer course. Someone commented that "Where could an engineer 7
learn this without taking a MS at Cal?" A semester CE course would

be good - need time to ask questions and work through computer
programs on your own.

3. 94% of the instructors and people are from California and

already aware of programs (he's from Colo.) and the class should

last longer because we need to get on the computer. Programs
presented are powerful for large buildings but meglect small and -
moderate-sized buildings. Programs should be more flexible so

they can be used with small computers. (T design 5-10 story bldgs.)
The course needs to be divided into two seminars - one for beginners
and one for advanced people. .

4. Might spread course out over evenings for several weeks so
everyone could try out programs in between.
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5. hPosslbly publish a bookle* - may not be 'possible because field .
changes rapidly. ; ' o .

. 6. Information presented did not always follow notes - did nof

" tie together wgl]. o

7. Physical set-up was very good, but should'ﬁave-some time for

engineers to discuss between lst and 2nd day. ‘People who had to
catch planes on the secopd day did not have time.to ask qguestions.

8. Biggest handicap was getting up in'a.m. We sHould have
better directions to 'get to class. -

9. Need more convenient location and lower fee (I'm a private
consultant). . o : o /

10. Liaitation in tomputer programs, could be pulled out of
context and delineated better. ' ‘ ,
11. The inelastic developmeni was usefu1 on1y as knowledge and
not very practical now (these take too much computer time, and are
useful only in research, not design). 1I could have skipped  that
day. L ‘ . I iy
12. Still a little too much like a textbook, but that was due
to lack of time. ' ' A
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EVALUATION OF THE ENGINEEKING DESIGN IN TIMBER COURSE
- BY THE UNIVERSITY ©F CALIFORNIA ENGINEERING EXTENSION DEPARTMENT
July 18-21, 1979

Evaluators: Martha Maxwell, Ph.D.
NSF Project Director

A Rick Boettcher,
’ Research Assistant

Engineering Design in Timker is a }s-day course intended for engineers and
architects who ‘possess a general knowledge of structural theory and design
problems but who need the specific technology of designing in timber. The course
covers strength of timber in relatxo:qu grading and use, and the particular way
in which. timber properties. affect structural problems, xncludxng use of sawn
timber, plywood, and glued laminated construction. Lectures include the grading
and_product1on of timber and glulam; beams, columns, shear walis and diaphragms;
timber connectors and structural systems.

Professor Jerome M. Raphael, University of California Structural Engineer-
ing and Structural Mechanics, was the faculty coordinator, assisted by four
, 1nstructors -~ Thomas E. Brassal of the Institute of Timber Construction, Stephen
A. Mahin of U.C. Berkeley, Ron Sanchez nf ‘the American Plywood Associatxon, and
Kenneth D. Smetts,.a consulting structural engineer

Thxs evaluatxon is' based on the responses of 28 studemts who filled in a
questionnaire on the last day of the course and on telephone interviews with
nine students called about a month after the course ended.

-Characteristics of the Students. A varied group of people attended this
COurse--engxneers professors, architects, draftsmen, sales personnel and others.
Nineteen weré college graduates and 8 had earned a master's degree The average
student completed his last collége degree in 1968 and has worked in timber design
for over 5 vears. However, there was a 30-year range with 40% of the group hav-

s .ing“less than one year's experience in timber. Most enrolled in the course on

their ‘own -initiative and with company support.

Student Evaluations. vost students took the course to improve their general
background and increase their skills and felt the course met these goals well.
Those who were interested in learnxng fundamentals rated the course as succeeding
fairly wei!, but those interested in acquiring a perspective for decision making
or meeting others in the field rated it only somewhat satisfactory. Overall those
who.had taken other short courses rated this one as slightly better than other
courses they had taken. Tie average'student felt that he was well prepared aca-
demically for the course in theory and fundamentals, but less well prepared 1n
practical experience.

~ This project was funded by the National Science Foundation under
Grant *SED-78-22138. The opinions, finding, conclusions, and recommenda-
tions expressed are those of the authors, and do not necessarily reflect
those of the National Science Foundation.
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-

Most students found sopcthing of practical use to them in the course.
Plywood technology was se¢h as most useful irmediately and the glulam infor-
- mation as more useful in the future than other topics. Most rated the in-
structors' emphases on research, theory, and fundamentals as about right but
felt there was not en emphasis on applications. Most say they will use
their notes and the edurse handouts regularly. g

Forty-one percent of the class plan to take other courses on the topics
of this course and 29% plan to do considerable research on their own. Most
felt the course helped them professionally.and 67% said they would recommend

the course to others. Those who would not recommend it said that it was not
applied enough. -

Student. suggestions for improvirg the course inciuded passing gqut out-
line notes of the lectures ahead of time, including more information on prob-
lems and solutions with real world applications (for example, designing a
. house showing all connections) and extending the course for another day. (thers
- suggested that the speakers go into more depth on some topics--which would re-
cuire a longer course. One suggested that the speakers be videotaped and that
the overhesad aids be xeroxed for the students.

Information from the interviews illustrate the widely different necds of
the students:

Student A is a senior structural lggineer who supervises 8 people
and works for the state of Cal; ornia] -He felt his preparation in theory
and structure was above averagé, and took the course to improve his
technical information, and to learn more about costs. He feels the course
helped - him quite a bit. Prior to this he took courses given by the
American Plywood Association and one on pre-stressed concrete given by BART.
He rates this course the best he has taken. He has shared his notes and
handouts with his 8-persén staff and brainstorm:d with them about ideas
from the course. He tock notes and has used thiem. He feels he's better
informed about the state of the art as a resuit of talking to the con-
sultants and listening to the presentations.  He enjoyed the course very
much and says he will take it again in two or three years. He suggests
having a dinner and speaker.

Stcaent B has been a professor of engineering for 32 years but has
never taught a timber course. He went into this course cold except for
theory and basics. He will teach a gourse in design in a year and wanted
to prepare himself. He has taken a related course at UCLA Extension and
was impressed that the UCLA course was better organized and that tha
professor distributed course notes. He felt Raphael should have had more
sample problems, but that he was just not prepared--'he's well qualified,
but not adequately prepared with materials.'" He said this course had a
good balance between industry and university people. His major complaint
is the lack of notes. He doesn't like io take notes madly and would like
to have them given out to students. He rated the course as about the
same¢ as other courses he has taken although he said he-did learn how to
begin to design timber structures.

/

.'/
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Student C has no experience in timber design and said he was
starting from zero. He works in structural engineering, but does
not work much with timber. He tonk the course to prepare for the
state Structural Engineer Exam and thinks he did pretty well on the
test. If it hadn't been for the class, he says he would have been
in dire straits to pass the exam. The only related course that he
has taken was on the design of offshore structures. He would like
to have xeroxes of the overhead<. He felt the instructors were well
prepared but varied in their ability to answer students questions,
and thought that Smetts assumed a lot of knowledge on the part of
students. He was very well satisfied with the course, and rated it
better than other short-courses he has taken. :

7
' Summary and Recommendations:

The students enrolled in this class differed widely in background, experi-
ence, interests and their reasons .or taking the course. Most were satisfied
that the course helped them improve their understanding and updated their knowl-
edge of timber design, as weil as giving them some ideas/techniques that they
could use on their jobs. The main complaints were that some of the speakers
did not emphasize applications <¢nough particularly the academic instructors, who
did not present enough practical examples, problems and solutions to illustrate
the points in their lectures. Al:su there were complaints about the need for
course notes and additional materials.

Since this was the first time this course was offered, there is room for
improvement. The following are some suggestions:

1. Speakers should prepare examples, illustrations, and practical
problems to illustrate their concepts so that the practicing engineer
students can relate to and understand the information they present. A
significant number of the students in this class have no experience in
timber .design and cannot make the transfer from theory to practice with-
out explicit examples.

2. Course materials should include outlines of the presentations
and copies of the viewgraphs used. Engineers who take short-courses
expect and need outlines of the academic/technical presentations. With-
out outlines, the newcomers to the field have problems following the
new information and become frustrated in their attempts to learn. Out-
lines are especially necessary for presentations on difficult, abstract,
or highly technical information.

3. The course seems to meet an important need €or people in timber
design, and the faculty coordinator should consider ways of changing the
course so that it better meets the range of student needs--perhaps by
extending it for a half-day or planning some optional sessions where
students can choose between basic fundamentals and more in-depth presen-
tations.
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JOB TITLES

Ccivil Engingers

Scnior Engineers
Structural Engineers
Professor Civil Engineers
Assistant Engineer
Architects

Bridge Engineer

Design Draftsman

Sales Representatives
Water Resources Engineer
Operations Mgr.

President, Facility Supervisor
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Q. 27. Comments: Was there something yon expected to learn but didn't?

Q. 52/53.

1)
2)

3)

more extensive lateral analysis (i.e. loading)
residential construction
shear wall connections

structural problems such as: column splices, checked beam shear
when proper to use, procedure

methodology
practical design prohiems
economic aspect of designing with alternate methods °

more connection details, and want more examples, than theory

detailing and design for lateral forces

timber piles, timber underground and underwater

load design and distribution

Practical consideration of detailing connectiors
Pre-engineered truss

Good practice in connection design to allow for shrinkage

Comments: Will this course help you? Would you recommend it to

others?

recommend for Arci Seniors as update

help keep up with changes in code/manufactured prod.
prepared to work w/professionals

knowledge for decision-making

new data in handouts useful

help in passing structural engineering exam for Cal.
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Q. 52/53. (cont'd)

-- have taught a similar course several times and I wantcd to
learn how others taught it. Get new information.

-- increase proficiency in design
-- uccess to resource persons for assistance

--  better ‘understanding of timber design.

Participants' comments: Suggestions for improvement.

--  Strongly urge that all lectures be previously prepared and notes
passed out. Very important. Impossilbe to keep up with professor.

--  Typed notes ahead of time, outline. (3)

-- Course geared to building construction. More emphasis should be
put on fact that timber is an important material in heavy con-
struction. 1Its use is subject to other specs such as AASCHO,
AREA, etc. There are some differences in applying mechanics.

-- Increase length. (1)

-- Practical applications (3)

-- Instructors had to rush. Some lecturers were too fast

-- Found most valuable the information on glulam design, plywood
properties and design.

--  Methodological approach, example, problems needed . "
--  Should include a spund discussion on problems and solutions '
-~ Tuition high

-- Give it 2 weekends ‘ <

-- More practical. Use designers as teachers; less theory-oriented
professors -

-- Too broad brush: concentrate on specific areas

-- Real world applications needed to make courses more comprehensive
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Q. 54 (cont'd)

c.8 P. VII

Eliminate Mahin; have Raphael and Smetts do the course almost
by themselves with one lecture only from an industry
representative Smetts is the most important becausc he is the
only designer.

Shorter lectures

Spend a day designing a house showing all connections

Smetts and Sanchez very good

Makin good

Brassel average; Raphael poor!

More emphasis on derivation of loads and correction factors.

Extend to 5 days

Add 1/2 day to pro-engineered truss and economy of frame
choices




ENGINEERING DESIGN IN TIMBER
June 1979 Class
Questionnaire
Respondents=28

The National Science Foundation has funded U.C.B. Extension to evaluate
the quality and usefulness of its short courses for engineers. Your
responses to this questionnaire will help us improve our courses and
develop an evaluation model for other courses.

We ppreciate your taking the time to answer these questions.

5. What is your job title? Structural engr./civil engr.=65%;architect~
draftsman=15%; sales=10%; other (professional,etc.)=10%

6-8. Your highest academic degree? Y o 7graiited
85-19} MS-B; 1-HS Arvr.a »- 1748
' Fo-qe ilai- 378
9. Have ycu had any previous c‘ourses i e Gegtogn

Yes~-9 (324)

10-12. What % of your time is spe'.-

Avera.; (288} managerial duties
(29%) design
(21%) styxuctural engineer-.::
[}38) other? (specify)

13-14. For how many year. has your ' .51~  ~. - o6 1 updes oo Lm?
average= 5.3 yrs, Range 1 t2 30 yrs 'S .- .. i i YOV less than 1.
15-20. What were your goals in taking thi:s .4 ' A order.

l=most important, through S=least important.:
S\ rating each goul as nost important. Note zcme rated more than one as
most important

(218) learning fundamentals of a field new to me
(54%) improving general background
(508) updating technical knowledge
(48) acquiring a perspective for decision-making
(48) meeting others in the field and finding out what they're
doing
+ () other (explain)




Engineering Design in Timber, Questionnaire, Page 2

21.-26. How well did the course satisfy your goals? (Check)

_» Not at all Somewhat Fairly well vVery well

27 Learning fundamentals () (338) (41s) (26%) )

26 Improving background ( ) (15%) (58%) (27%)

27 Updating tech. knowledge (78) (1S%) (45%) (33w%)

. 26 Acquiring perspective for (7%) (35%) (35%) (238)

decision making ’

22 Meeting others in field () (64y8) " (32%) (4%)
Other (what?) () « ) ¢ ) )

27. Was there something you expected to learn in this course, but

didn't? If so. what? Yes 46% (See list)
28-30. How well prepared were you for th}s course in the following:
- v average (l=poorly; 3=well)
theory 2.4
fundamentals 2.5
practical experience 1.8
Did you find anything in the course Did you find anything in the -
that you can use immediately? 1If so, - course that you can use in the
what? future? If so, what?
L L
31-32. Wood Species & Grading 17 - 6
‘ 33-34. Sawn Timber Beams ) 17 S
35-36. Glued Laminated Beams - 14 9
37-38. Glulam Systems 13 11
39-40. Plywood Technology 21 S
41-42. Columns 14 4

On the reverse side, briefly describe the ideas and techniques you found
most valuable and how you used them.

(See list)
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Engineering Design in Timber Questionnaire, Page 3

How would you rate the instructors' empasis on the following

too much about right too little
43. current research (48) (85%) (118)
44. fundamentals (1°y) (78%) (3%)
45. application (4%) (44n) (52v%)
46. theory (48) (81s) (15%)

47. How did this course compare with other engineering short course you
have taken? (in usefulness, content, interest)

(118) the best I have taken

(28%) better than others I have taken
(368) about the same as others

(218) have taken no others

48. Who initiated your decision to attend this course?
(75%) you (118) your supervisor (148) selected by compay

49. How does your company support/recognize attendance at courses like
this one?

(258) company strongly encourages attendance

(71%) company pays fees and expenses

(368) company grants released time (time off)

(48) course attendance increases possibiliy of promotion/raises
(14%) no particular encouragement, paid my own way

S0. Do you plan to seek futher {astruction or do further individual or
company research on the topics in this course?

(148) major company research area

(29%) n»lan to do considerable research on my own
(418) plan to take additional courses

(188) no '

S1. Will the course materials be useful to you in your work?

(68%) expect to use them regularly
(29%) may use them '
(3%) doubt that I'll use them

S2. Do you think that taking this course will help you professionally?
If so, how? Yes-25 No-3

53. How many others in your company/branch work in timber design? Average 3.6
Would you recomment this course to them? Yes-67% No-33% .(because it lacked
practical information.) .




Engineering Design in Timber Questionnaire, Page 4

(3

54. What suggestions do you have for improving this course?

(See attached)

Other remarks?

, The NSF Evaluation Project Team is planning to conduci case-studies on
engineers who have taken short-courses. If you are willing to participace
in two brief interviews, to be scheduled at your convenience, and to permit
us to interview your colleagues and supervisor, please fill in your name
and phone number bslow:

Phone No.
(area code)

( ) prefer telephone interview
( ) want further information
( ) do not wish to participate
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Evaluation Report on the U. C. Extension
Computer Aids for IC Technology and Device
Design Program Held July 9, 1979

Martha Maxwell, Ph.D., Evaluator
Rick Boetcher, Research Asst.

Questionnaires were mailed on August 29 to a random sample of 100 par-
ticipants who enrolled in the July 9, 1979 U. C. Extension Program on Computer

. Aids fer IC Technology and Device Design. This report summarizes th: responses,

of the 52 people who replied to the questionnaire. The number of people re-
sponding is small, and may not represent the views of the total group of 300 who
gttgnded the program, therefore' the results siould be interpreted with caution.

Chaﬁacteristics of tke Participants

The respondents, represent a highly educated group about equally divided
between those holding bachelor's, master's and Ph.D. degrees. They completed
formal education over a long time-span -- between 1949 and 1979 with the average
graduating in 1972. The average respondent has worked in his present specialty
%% years and spends about 20% of his time in administrative duties, 50% in re-
search, and 20% in production or other. Only one is a full-time administrator
while nine are full-time researchers. The average respondent supervises one or
two other employees.

Seventy-two percent of the group said they were familiar with SUPREM be-
fore taking the course, 60% had used it, and 80% plan to use it in the future.

Sixty-five percent said their attendance was self-inftiated and 35% were
selected by their companies to attend the program. Program fees and expenses
were paid for by their companies in 98% of the cases. Twenty percent reported
that they were the only representative of their company who came to the program,
while 16% stated that their company sent more than 10 representatives.

Seven people had taken the course before and 4 6f these said there was
enough new information to keep them interested.

Thirty-five percent felt they were well-prepared for the class while 27%

" felt unprepared. Sixty-three percent said that it would have helped them if

course materials and notes had been sent to them in advance of the program. One
said that he felt very well prepared because he had read the materials and notes
from last year's program and discussed it with colleagues who had attended it.
Some said that having course materials in advance would also improve the question-

. ing period.

This project was funded by the National Science Foundation under

.Grant # SED-78-22138. The opinions, findings, conclusions, and rec-

ommendations expressed are those of the authors, not NSF's.
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Thirty-four percent found all of the topics presented would be useful
in their work, others found several topics useful. Only one respondent re-
plied that nothing from the course could be used in. his job. *~

_ Seventy-two percent said they were familiar with SUPREM, 60% had used
1%, -and 80% plan to use it in the future.

Participant Evaluation

The average respondent was very well satisfied that the program achieved
their goal of getting an overview of current research. On the average, re-
spondents were less satisfied that the program met their other goals -- i.e.,
learning fundamentals, learning current theory, and solving process-problems.
These they rated as only “"somewhat" attained. Those who expected to learn to
solve process problems were the least satisfied. Also those who were interested
in meeting or contacting others in the field were disappointed as there was
1ittle time for this (e.g., a video-tape was shown during the lunch hour.

Althoug'i £4% of the group thought the program description was accurately
stated, six of these said the program title was incorrect because it implied
that the instructors would spend more time and put more emphasis on process
modeling and the computer aids than they did. Fifty-eight percent of the re-
spondents said they expected to learn something other than the program offered.
(This represents a much tigher percentage of unmet participant expectations

. - than we have found in other CEE short-courses.) '

'One outcome of CEE short courses is that they stxmulate participants'
interest in learning more about the topics presented. This course was no ex-
, ception. Participants gave about 40 topics on which they would like to see
; Extension plan courses. Perhaps the large number of responses. to this question

reflects the frustration of those who attended primarily for process modeling
information and found minimum emphasis on this.

Participants made a number of suggestions for improving the program.
Complaints centered around two areas -- the limited time devoted to process
" modeling and computer programs and the course materials. Thirty percent of

the group, including a large number of Ph.D. participants, complained about

the lack of detailed outlines of the lectures -- saying that it was impossible -
to take adequate notes of the fast-paced, technical presentation. Perhaps they
have a greater need for the details of the experimental information in their
work or perhaps they learn best from reading. Others complained that the ma-
terials given out in the program were not related to or did not follow the con-
tent of the lecture. Although 29% of the respondents felt the course materials
would be very useful in their work, 27% considered them of little or no value.

Some participants were deeply disappointed, others angered at the long
delay in receiving lecture notes promised by the program coordinator.
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Summafz

Participants in this course were highly educa’ed, experienced engineers
with a great deal of interest in the course topics and a desire to learn more.
Those who expected to get an update on Stanford's latest research in IC Tech-

- nology were well satisfied; but those who were interested primarily in device
design processes and in learning more about the computer aids were unhappy with
the 1imited time spent on these topics. Other than the complaints about the
course materials, most suggestions were directed at providing more information
on some or all of the topics addressed in the program -- suggesting that the
program could be -lengthened.

RECOMMENDATIONS

1. Course Title. Either the title should be changed to something 1ike A One-
Day Symposium on Current Research in IC-Technology, or if the current title
s used, more instructional time and emphasis should be given to process-
model ing and the computer programs. .

2. Improve Course Notes and Materials. Detailed, hard-copy outlines of the
ectures should be given to each participant at the start of the program.
Copies of all viewgraphs should be included in these materials. If these
and other course materials were sent, to participants in advance of the
program, many wuuld benefit and perhaps the complaints on course content
and emphasis would be reduced (provided, of course, that the title is
accurate.) -

- Since the present course materials are very useful to some participants,

materials supplementary to.tne lectures and presentations shpuld be.

continued. , -

Engineers who enroll in intensive, highly technical short programs 1ike this
one expect and need to receive outlines of the lectures, viewgraphs, and
other materials. Without these aids, memory fades: fast and the probability
of the participants' recalling the information when needed is greatly re-

duced. Currently, most successful programs offer these.

3. Schedule More Opportunity for Participant Invelvement. Since the majority of
respondents had used SUPREM and many would welcome an opportunity to discuss
their experiences and question the instructors about current developments, - -
changes, future plans, etc., more discussion time shg:lg be planned. This
might be done by extending the program an extra day of.,within the one-day
.~ormat by scheduling discussion periods or question-answer sessions at the
same time as some of the research presentations and letting the participants
choose which session they wished to attend. As one respondent observed, "An
open session involving user interchange and experiential feedback would be
most helpful; possibly more so than a yearly update of some of Stanford's
other research work." . '
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Also "breaks" of adequate length and lunch peridds should tc scheduled

free of formal presantations to all participants to talk to others and
relax a bit. =, ‘ '

UC Extension should plan additional courses that follow these brief state-
of-the-art programs. Perhaps extra sessions the fallowing day in the form
of workshops on the computer programs, or a series of short follow-up
programs that address some of the course topics in greater depth.’

L4
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CCMPUTER AIDS FOR IC TECHNOLOGY AND DEVICE DESIGN"
Course Questionnaire - July 9, 1979

The National Science Foundation has funded U.C.B. Extension to
evaluate the quality and usefulness of its engineering short-courses.
You,' responses to this questionnaire will help us improve our programs.

Ne appreciate your taking the time to answer these questions.
1. Wwho initiated your decision to attend this course?

(eI did @ my superviser (=) I was selected by

- my company

2+ How ddeﬁ,your company encourage attendance at course like this?

‘ pays fees and expenses.. Y,
a® gives time off /
(=) pays part of expenses
(a)~q? special support

3. Hcw many people from your company are attending this course?
tL tn20%; 2-%:44%; s'q'1°90-, 10 OF more 21l "o

‘4. “Anat is your highest academic degree? Blt‘kgon'-sl"o} MasTers'=37%
When did you receive it? " (year) * 3%

- +  Rarqe fromiqs0-199¢. Median = |72
5. What is your job ‘title?

6. What % og‘your time is spent in:

q ) .
Gity Supervision/Administration -
(se7) Research y

(1e%) Production Procésses
o - ) Other (What?)

% . . 3.5+ 15D (oe
7. Hew many people do you supervise? ©:=4'"°) (eravt5%; 3-5215%; wormone 5 29

8. What were your goals=in :aking How well were they'achieved?

i 2 this course? (Rank us.-~.g #1 as

4> * most important) | N_ot_atLl}/ Somewhat . Very well
#1 ( ) Learning fundamentals )% C(ea)% (5 )% .
w . () Cverview of current ' (2) (<) (s7)
.research ' o
( ) Learning advanced theory (1) (6et) (29)
( ) 3olving process problems (ag) . (ef) (3) .
Other (specify) meeting othuas — ) C (=) (- )
learning New Tecnnarngy  — L) -

. W W weé von fee t o] ? . ’
9. Ho NC"eQ:'L}II ?r;e'll).av‘reld)oﬁ vef:,ey:,u - -;,at;'.g g 80‘ u?ﬂ%cr‘hs‘et ae% ; Well s 186’0) very wellz |~|%

10.How much would it have.nelped you if course materials were sent out
in advance? Net «bitw11%; SomeuBer: 26%, Goed 8w ='w’,,v¢n’ Mmuch =259

11. Have you taken this course (or one like i't)l,‘, '‘before? Yes=13% Nas g%,
‘When? . .
If yes, was there,enough new material to keep you
interested? ouq‘) ‘T""°"“’} 4 dard n-?‘ gcj 3 " e




12. What specific topics are most related to your work? (CVD, Implantation
34 saia "au’. 3 etc. )

How long have you been working in this area? Qutraqe 5'4,
(asThan ha.(.z 9 9%, ‘3” '“"03 l‘*gd'-'—' 5:".3 S0 yrs. 20, 1o N0

13. Was the course description stated accurately?
) ptg“o : 8% ( b“.q-mhﬁ'uy-o%c\r answo by
-]

2.4 2% ¢ Caurse ¥ ¥l wWas 'naccurale )
14, Was there something you expected to learn, but didnt?
If so, what? L?Asfl"v
Moz 2% _agd
15. Did you have specific problems you wanted help on? g >

0= ba')
16. what information will be of most use to you on the job?

Semewhat Yes Do  Fasndly

17. Were you already familiar with SUPREM? '®% . 1a% !§% =~
Have you used SUPREME? - o”% H40% ~
Do you plan to use it in the future? -

90.,0 l 1.,0 ? qg

18. How useful will the rourse notes be in your work?

Very much 2 ;9°6;, So mewhat = 44 %
- ’ Iflez 2 Retcrella b
19. .Mhat topics would you like to have covered in other Extension
Courses? See lisT :

I
20. ‘Where else do you have a chance to learn more about your field?.
U= (15) company conferences (n) in-house @) inter-company
(t0) Berxeley (19) Stanford (§) other universities
(?) extension (-)colloquiums (r4) grad/undergrad.
courses
2l. What suggestions do you have for improving this course?
Dee st
Cther remarks: Return to: Engr. Ext.
y.c. ﬁerkeley
2223 Fulton

Berkeley, CA 94720

The NSF Evaluation Team is planning to arrange follow-up interviews
with participants of this course to assess long-term usefulness and
job applicability of the information covered in this course. 1If you
are willing to. take part in a brief intef'view, scheduled at your
converience, please fill in your name and phone number below.

Naine
Phone _Home:( ) Worky ( )
( ) Want further information. ( )prefer phone interview

( ) Do not want to participate
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Responses to J. 12. #hat specific topics are most related to
your work?

@ all (12)

VD Impl. (15) |
Laser anneal. (6)

Imp. cdifusion and oxidation kinetics (5)
Device analysis & process models (6)

SUPREM & SEDAN (2) N
Jompu. modeling (2) :
ZFI & Poly sii etching (1) -

Responses to Q. l4. Was there something you expected to learn, but
didn't? :
No- 16; yes-21

More on SUPRENM - data on experimental veriféation ; history
and status of each user function; update on SUPREN &

future plans; what was wrong with present models, etc. (8)
More on process modeling (:C)

Less about device design (1)
Solving device charac.eristics rather than process parameters (l

Detailed device modeling on short-channel 03 (1)
Exact avaialbility. of SEDAN, cost. etc.

Responses to Qquestion 15. Did you have specific problems you wanted
help on?
yes~ 17; no-28 ; n.r.-7

vhat is punch through preceisel'y?

Solving device characteristics from process parameters.
2-d bipolar modeling.

laser annealing.

arseniz model in SUPREW

MCS Modeling

Details on SUFREM use (3)

Yore accurate model in V¢




———
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Replies to Qf’ﬂhat topics would you like to have covered in other
Extension Courses? > :

photolithography (OPT, E-Beam)

failure analysis techniques.

advances in thin Si02 film formation methods

high electromigration metalurgical systems

numerical analysis & modeling of semiconductor devices
more detail on device analysis and computer sinulation.
modeling

~- more-detail on laser annealing

circuit & logic simulationtechniques. Device modeling for simulaticn..
device physics fundamentals; cv analysis as an analytical tool.
materials characterization; process induced defects.
derivation and use of SUPREM and new work on device design modeils.
data base for process modelling.
high speed device (e.g., short channel MOS technology
photovoltaic device technology
etching Si and other materials
each of the specific topics of this seminar could have a course
devoted to it. '
advanced oxidation theories.
problems and solutions in high surrent ion implementation
problems and solutions in plasma etching.
CAD
more of the same. :
experimental verification of SUPREM
Uses of SUPREM and examples. Parts of the program explored in detail.
SEDAN, TANDEM : :
SUPREN arseric model, simulating implants through nitride and oxide/
nitride layers,epli autodoping model.
two-dimension and one-dimensional field and current distribution
modeling. Of major interest to me would be a course on the
electrical chaiacteristics of-Si0, in particular, conduction
and charge trapping.
2-d modeling for computerized circuit analysis.
¥0S modeling
gettering, high pressure oxidation, enhanced diffusion.
PN junction reverse-bias failure modes: mobile charges, surface
staten, precipitate emission & gettering, stacking faults.
advanced lithography; plasma processing
the same. '
More detail on the TANDEM progranm.
Scaled MOS : ,
More users information on SUPREM
short channel effects '
power MOS overview




Responses to Q. 16. What information vill be of most use
the job?

All the information was helpful (2)

General background info. on IC Tech. (&)

Update on Stanford Research
Recent progress at Staf. ICT Lab. (1) .
Update on Stanf. & Hitachin dev. sim. prog. (1)
Cuhlbert (?) research (1) -
SUPREM (rel. research) (5).

to you on

Laser annealing & oxide info. (5)
Physical mechanisms of prcess steps in SUFREM (1)
Physics & math of device modelling (1)
2-dim. modelling as described in course lit. (1)
Lack.of progress in 3-d modelling
Cxid. theory & ion implant- 4
How best to interpret modelling results (1)
. or gather correlative data
Good course notes would be (2)
Techniques used by other programs. (1)
Don't know (1)
None (2)




Responses to Question 21:

What suggestions do you have for' improving this course?

' Replies by Ph.D. Participants:

l. Course Materials:

--The material handed out and the lecture were completely
different. 1 have yet to use the material. Printed notes
would have been a greater help to those attending and added
more to the question periods.

--trovide notes of talks. The information handed out at the
conference was largely old. Prof. Dutton did say that .
course notes would be mailed out. I have not received them.

--The course materials handed out will be of very little use
to me since they didn't reflect the content of the lectures.

--Hand out course notes of the lectures with good details.

- == Course materials should be more closely related to the

, actual lectures. . -

-- Make the course materials relate more closely to the talks.

-- Have the course materials be available to the participants
in uetail and in advance of the course.

-- I am deeply disappointed in the fact that the course organizer
does not even bother to send a copy of lecture notes to the
attendees. I am extremely disturbed because the course notes
distributed in the class did not reflect the exact content
of the lectures.

-- Handing out actual lecture notes at the start of the courge
is a_must. This was not done, and much information could
not be written down fast enough. 'The handout was not well
related to the lecture material.

-- Copies of viewgraphs are a must; preterably as handouts
before course begins. Lack of the latter was a huge disap-
‘nointment.

Responses from participants with Master's/Bachelor’s Degrees. *
--Send viewgraph copier. : -
--Better notes.

--Handout notes before course.

-~ Copies of the lecturers' notes would be useful during the
presentations for better notetaking. Some of the material was
presented too quickly for note taking. I have not yet received
a copy of the speaker's notes which would be most useful.

2. Course Content and Emphasis:

-- 1 would prefer more emphasis on CAD<mé§€is. This was a very
minor part of the program. I had expected more emphasis
on CAD models from reading the cqurse brochures, but less
than 205 of the class was spent on this.

-- From the course brochure, 1 expected something on detailed
device modeling of short channel MOS - this was not covered.

-- As a course it could be better balanced. The content em
currently reflects areas of recent Stanford activity. 1
expected more information on device modelling/simulation
from the description in the brochure.

== Not enough details on modeling.
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Responses to q. 21 (Cont'd)

-- Go into the actual use of SUPREM such as limitations,
tradeoffs, run efficiency, etc.Of course, this could
be a course in itself. -
-= ohould have a good introduction for SUPREM beginner.
== Cut down on amount of material presented & increase Basic
Material Science Content. :
-- 1 think most engineers are interested in availabijl
of models than can be used now (fully realizing that
they aren't perfect.)
--1 expected ‘more about SUPREM - the history and status
of each user function. ‘
~- The subject drifted from computer aids. I expected
more information about the availability of SEDAN - cost, inc.
--Follow outline more closely (i.e., content of course .
should follow initial coursedescription? Expected more
about the use of computer model-- how to use SUPREM.
~-I liked the course. However, many people with no process
background attended this course because of the misleading
title. They were not very satisfied. I expected actual |
program description. .
-- I expected more details on the status of modeling research
at Stanford and wanted more details-on use of SUPREM.
--This was a report by graduate students on SUPREM - not at
all like the flyer described. Expected more on MOS modeling.
--Break up ‘course into several parts in order to put greater

emphasis on participants' area of interest. ,

--1 thought it was going to be on computer.modeling. It was
not so much a course as a conference. Course description
stated inaccurately.

-- Never use videotape.

-~ Expected more descriptive information on device modeling

activites. :

An open session involving user interchange & experiential
feedback would be most helpful; possibly more so than a
yearl{ update of some of Stanford's other research work.

= Overall the course was very worthwhile for me and I am
planning to attend next year.

- Course over-emphasized process -~device line. Zxpected
more on process relatin; to device characteristics.




-12- C«9

Responses to Q. 21 (Cont'd)

Course content & emphasis

--This was not a course but a forum for S.U. staff to
tell us what they were doing and show us how clever
they were regardless of course title, needs of attendees,
and outrageous fees. I expected to learn about the 'deriva-
tion and use of SUPREM and new work on device design models.
-- I expected to learn how exactly SUPREM & TANDEM work. We
need a hands-on demonstration at the computer terminal.
--Have two courses - one general and one advanced for those
- working in the field of modeling. Make faculty accessible
for questions. '
--The course title was misleading. Course was mostly about
IC Technology and very little about computer modeling of it.
-=I would have liked more detailed information on laser anneal-
lngo ! ) v
--How about a course in circuit and logic simulation techniques.
Device models for simulation? This’course was very well
. organized and presented.
--1 expected to hear less about device design. I'm interest-
ed in learning more about the data base for process
modeling. :
-- I expected more on SUPRLN. . L
-- I was looking forward to more information on the use
- of computers in IC Tech & D vice Design and wish more
emphasis had been placed on“that. OCverall it was
fairly good and broad. .
-- I wanted more time to be spent on device modeling and
much less time .on lCs Frocessing as was described in
the course description.
--Too much for one day; should be a two-day course.

Instructors

--1 have no suggestions. Both content. and presentations
were excellent. :

--Eliminate talks like the one B.E. Deal gave.

--Laser annealing vould have been more useful had the
speaker, Gibbons, attended.

--1 expected to learn the latest problems with and update
on SU"REN. '




EVALUATION OF THE U. C. BERKELEY EXTENSION COURSE
*INTERFACING TO A MICROCOMPUTER"
(June 18-24, 1979)

Instructors: « Evaluators:
Professors David Patterson, Carlo Séquin Martha Maxwell, Ph.D.
Department of Electrical Engineering ' NSF Project, Director
.and Camputer Sciences, University of ‘ Rick Boettcher, :

California, Berkeley Research Assistant

Interfacing to a Microcomputer is a five-day hands-on lab course de-
signed to give participants an overview of the multitude of input/output
interfacing techniques and of the hardware/software tradeoffs involved; and
the experience necessary to design the microcomputer interface to the real
world for their own particular application. Two instructors lectured each
morning and the participants spent the afternoons working in the lab. on
six experiments with the help of lab. assistants. The following were listed
as prerequisites for the course: 1) engineering or scientific background;
2) same programing experience (in any language), and 3) some familiarity
with TIL integrated circuits. ’ ;

This report is based on the iesponsas of twelve participants to a
questibnnaire given on the last day of class, interviews a month after the

.. course with 4 participants, observations of the class, and discussions wi:,

the instructors.

Characteristics of the Students

All students were college graduates Ongf%dmsmr's degree. They had

been out of college an average of 8 years. On the average, they spent 41%
of their time on research and development activities, 6 percent on test/
quality assurance and 20% on production. Four persons were engaged in other
activities including technical writing, software design, administration, and
design. About half of the class work in equipment fabrication, 41% design
programs and 33% test programs while one-quarter perform all three functions.
Fifty percent of the class had no previous experience in interfacing periph-
eral devices with camputer systems and 5 considered themselves well prepared
or fairly well prepared for the course. In general the class was somewhat
diverse in experience and background ranging from amateurs to those actively
working with computers on relevant projects.

Evaluations of the €ourse

Most of the class were quite well satisfied that the course had offered
them a better understanding of micro-devices, a perspective for decision-
making, and an opportunity to expard job opportunities. Those who were in-
terested in exploring new career altermatives were somewhat less satisfied.

“This project was funded by the National Science Foundation under
Grant #SED-78-22138. The opinions, finding, conclusions, and
reconmendations expressed are those of the authors, and do not neces-
sarily reflect those of the National Science Foundation.
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c.10

"Interfacing to a Microcomputer”, page 2

A third of the class expected to learn samething different than the course
offered - i.e., more details of hardware techniques, more on applications,
more camparative data on microcomputers vs available computers.

In ‘general, students were very well satisfied with the course. Those

wbhadukmpwimsm.,sramditubetmﬂnnoﬂummm
taken.

The students all rated the instructors as good to excellent, found
the lab sessions very helpful, and the lab. assistants excellent. Most
students found same topic in the course that they could use immediately and
some (about 33%) felt that the topics would be useful in the future. Also
they were pleased with the course materials.

“Student complaints centered around the problems they had getting the
software to work, machine "glitches”, etc. Some felt they needed more of a

_cookbodtapp:oadia:d/ormreacplamtionsofmtetmnym.

The following iﬁter:viw sunnaries iliustrate same differences between
students, their range of interests, and the applications they plan to make:

Student A is a computer scientists with a BS in engineering wio works as an
analyst/programmer in biomedical research. He took the course because he

is interested in the actual interfacing of hardware. %lthough he had little
background, (none in electrical engineering) he now fesls pretty competent
about micro-processing a.q 'ell able to find reference materials. He is tak-
~ ing other graduate ~ourses toward a degree in computer scierce. He rated the
course as the best he has taki and the instructoas as excellent and plans
to take other courses in extensicn. He is using tho course naterials regular-
ly and feels that the course har been particularly valuable to him profession-
ally since he was limited in knowledge about hardware before taking the course.
He thinks the CEE courses are sowewhat thaoretical (or a plied at a high level)
but that this is good because they are state-of-the-art and offer a quick way
of bringing people up to par.

Student B is a systems ana)yst with a strong background in prograrming, but
Iittle Joowledgr: of hardware. He took the course because he was interested
in learning more about hardware and to help him in his project cof developing
a general purpose modular data access system. He has mot used the information
learned in th2 cowrse, but expscts to use it and plans to take other courses

(provided they don't require a heavy EE background.)

He felt the course had too much information on microprocessar architecture

(2-8000) and felt he needed more information on interfacing. He consider«d

the lab. too short and felt much time was wasted on machine "glitches". He .
stated ihat he learned quite a bit and rated the course as bettetr than others
he had taken. He plans to take additional courses and has had sare chance to
spread the information to S or 6 othexrs in his department.
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Stuientcisataclmicalwit:erwitharecmtBachelorofArtsdegraewn
, course to be able to understand operations, tq expand her present
- capabilities and to explore the possibility of going into programming. She
teltsm.mewafairmmtaboutmjcmptocessorsbeﬁommkingﬂncome,
but had no actual experience nor training in computers. After taking the
msestefeltveryweupreparedhostartleanmtgpmgrmmimmd‘ms..
since taken a.programming course. She feels well prepared for it bacause
she had learned the basics in this microprocessing course. '

She feels that taking this course has made her writing more informa-
tive and that she is mich better able to convey important ideas. She does
not feel the need to take more courses in interfacing since she doesn't need
to invent or create material — only to understand it. She rated the in-
structors as good and the lab. assistants great, but said she needed more of
a cookbook set of instructions for the hardware part of the course.

- =y . i .
Student D is a design engineer who said he knew a bit about microprocessing,
' but ot a lot before taking the course. He took the course to determine
whetier the technology would be useful to his company. He has not used the
material because his company is not in a position to use microprocessing as
yet. He feels his knowledge about the subject doubled as a result of taking
the course, and that the irstructors and lab. assistants were excellent. He

rated the course as very good and feels the information he learned will be
beneficial to him in the future. :

Sumary and Recommendations

Although this class varied in their expertise and sophistication with
computers, the students all gained something they wanted from the course and
considered the course successful. They were pleased with all aspects of the
course -- the lectures, labs., instructors, and assistants. The amall size
of the class and the intensive personalized attention given in the labs. made
it possible for individuals to learn what they needed.

The recammendations suggested are to find ways to resolve the diffi-
culties with the soft-ware (or to help students accept these difficulties
as inevitable); and perhaps provide those who are unfamiliar with the computer
terminology a glossary of terms and acronyms.
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/ _ INTERFACTNG TO A MICROCOMPUTER
Course Questionnaire
June ‘24,1979

, - N =12

The National Science Foundation has funded U.C. Berkeley Extension to evaluate
the quality and usefulnees of its short courses for engineers. Your responses
to this questionnaire will help us impmove our courses and develop an evalua-
- tdon model for other courses. ' .

We appreciate your taking the time to answer these questions.

1-4. Wwhat is your highest academic degree? year graduated?
BA/BS = 11 MS =1 average 8 yrs. out

' of school
5-12. what percentage of your work involves:

L 3
(41) Re&D
| ( 6) Test/Quality Assurance
' (20) Production
(23) Other (What?)

13. Do you:
]
(42) design programs
(50) fahricate equipment
(33) test programs
all (25)

14. Are you ;rihnrily a:

$
(2) sup=cvisor
(0) rasearch associate

S} engineer
(2) technician
(3) other (what?)
15. How many people do you superv ise?
x = 3.5
16. How much opportunity is there for you to disseminate the information
you learned in this course to others in your company?
2.8 (1-4 range)
17. How mch expurience did you have ininterfacing peripheral devices with
camputer systems before taking this course?
6 (or 50%) none 2 or very little 2 fairly 1 more than average

18. How well prepared were you for this course?

ot sufficiently -~ 1, some amateur 3, fairly well 2 (had taken other
. 1 in hardware 2 very well 1 don't know cour ses)
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19. In your opinion wece the course prerequisites stated accurately?

¢.10

page

5

ves ='8 2 = no (probably should have had 8080 lang. & experience

2 = don't know or no opinion

20-8. What were your goals in taking
this course? (Rank order using

#1 as the rmost important, Z as at all.)
(8) acquiring a perspective for , , ’ (0) (0)
decision-making )
(8) expanding job capabilities 3.7 (1) (0)
(10) getting a better understanding of 4.2 (0) (0)
micro-devices

( exploring a new career alternative 3.3 (1)
(1) Other (what?) interface to real world

(0)

(3)

(2)
(1)

(2)

(3)

(5)
(7

(2)
(1)

How well were they achieved?
(Check fram very well t0 not

1%

(1)

. ‘Was-there samething you expected to learn in this course, but didn't?

If so, what? 4 yes 9 o

0-38. What topics in the course will be of most use to you on the job? Bither

immediately or in the long run?

) of immediate use
. Program Operations 3
Interfacing with Imput

& Qutput Devices
Data handling capabilities
‘Microprocessor operations

(8080 chips)

useful in the future

4

(On the reverse side of this pagg please describe the ideas & techniques you found

most helpful and how you will use them.)
See comments

39. How did titis course campare with other short courses you have taken?

3
(20) the best I have taken
.(50) better than others I have taken
( =) about the same as others
( =) less satisfactory than others
00) have taken no others

250




’

c.10 page 6

« Interfacing to a Microcomputer, .

4

40. Please camment on the following aspects of the course: ° ' \ ’

Instructors

Comments ranged fram "good" to "excellent”

Lectures (see list attached)

Lab. sessions
Lab. experiments
Lab. assistants

41. Hcw useful will the text and course materials be in your work?
see comments .

42. What suggestions do you have for improving the course?
see comments

43. Are there other courses that you'd be interested in taking?
' 3ee comments '

The NSF Evaluation Project Team is planning to conduct case-studies on engineers
who have taken short-courses. If you are willing to participate in two brief
interviews, to be scheduled at your convenience, and to permit us to interview
your colleagues and supervisor, please fill in your name and phone number below.

Name : Phone # a
" (area code)
(6) prefer telephone interview (1) want further information

(6) do not want to participate
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STUDENTS WRITTEN Ot N ONS -

Q. 29. Was there something you expected to learn in this course, but didn't?\
If so, what? .

Yes = 4

(2) )ére comparisoﬁ information to help choose a specific
mp like 6502 vs 6800 vs 8080. PDP, HP 300, etc.

(1) More on applications on processes are shitable for. -
(1) Details of hardware techniques.

No = 7

Q. 30-38 Which techniqis and ideas did you find most helpful/ﬁr'ﬁ%-m will you
usc then?

-a general understanding of computer architecture and the
capabilities of mp.
—details of machine language and assg. language programing- the
power of the instruction set.
—details of how performance will increase in the next few years.
~1/0 techniques necessary to interface thru pprts/a keyboard,
CRT, and TTY with a 6502 mp.

Q. 40 Camments on aspects of course:
~
Instructors: '
The hardhare instructor made his material yery clear, however
I found it difficult to leap around as much as the instructor

in software although the material is more familiar to me than
hardware.

Insicructors and lectures were gnod, but labs. weren't covered
: enough in class.

Instructors were excellent and lectures very good.'"

Instructors were knowledgeable and answered quesﬁons thoroughly
<0 that the student could understand. They were good.

{
Lectures were well organized and understandable.

Instructors were very good to excellent - clear and logical.
The lectures were gopd, of neccssity skimming & fast.

Instructors were excellent and very good. Lectures were good,
but fast.

Instructors were excellent; material well organized and presented
to coincide with experiments. Lectures could have included a
little nore detail re 8080 instructions.

Instructors and lectures were both good.
Instructors and lectures were both very good.




Q. 40.

L 41.

Q. 42.

\/)‘

Students Written Camments on Questions

Lab. Sessions & Experiments:

~quite good (1)

~needed more time to do out-of:--class work/perform experiments. (2)
-Lab. assts enthusiastic

-all very good / helpful (8)

-excellent (1)

-need better introduction to the H.P. terminal 8080
material should be condensed, i.e. exactly does a certain 0.S.
subroutine do? Lab. assistants were very good.

~Experiments were well designed, but had too many problems with
the equipment.

-Experiments were well chosen and of progressive difficulty.
-Could rnot have campleted labs. without the lab. asst's help.
-Lab. sessinns acceptahle. as were the lab. experiments.

-Lab. sessions were a good learning experience. Experiments were
challenging, but good. Some frustration with the reliability
of equipment.

-Needed more guidance, perhaps in the form of an actual demonstration
prior to each experiment might have been useful. They were en-
joyable experiments, however more cookbook instructions (part.l.cr
ularly for hardware) would be useful.

-Lab assts. were great: Very hel.pful, knowledgeable & encouraging.
-Labs had too little guidance relative to what périphe.ral equipment

3waa doing (What was in the "black Lox"?).

How useful will the text and ¢ourse materials be in your work?

probably useful
very useful - it gives me a solid _background for understanding

good
unknown

very useful. The text can well be used as a referenoe aid
©as it is well organized and indexed.

Will use it as a lst reference.

Text will be helpful. -

Same ' '

very useful for reference.

What suggestions do you have for improving the course?

-Discussion of some specific areas where mp are being used nd the
advantages gained.

-Better lab. equipment, list of specxfxc "tricks" needed to get
software to work - more consistency between actual hardware
and documentation.

N




Students Written Comments on Questions,

Q. 42. (continued)

“none

-More quidance in lab., perhaps in the form of an actual
demonstration prior to each experiment might have been
useful. They were enjoyable experiments, but more cook-
book instructions (particularly for hardware) would be
useful.

In describing periphery chips, etc., explain some of the
acronyms used in computer sc1ence

-

Q. 43. Are there other courses that you'd be interested in taking?
programming microprocessors
yes- unspecified
campilers/would like to receive notices of future courses.

don‘t know of any others.
ot at present.




